12 United States Patent

USO011661752B2

(10) Patent No.:  US 11,661,752 B2

Li 45) Date of Patent: May 30, 2023

(54) CERAMIC TILE LEVELING BRACKET, (58) Field of Classification Search
PUSHING AND CLAMPING PLIERS, AND CPC .o EO4F 21/1877; EO4F 13/0892; EO4F
CERAMIC TILE LEVELING AND LAYING 21/0092; EO4F 21/22; B25B 27/02; B25B
SYSTEM 7100

(71) Applicants: HANGZHOU UNITED TOOLS CO.,
LTD, Hangzhou (CN); HANGZHOU
GREAT STAR INDUSTRIAL CO.,
LTD, Hangzhou (CN)

(72) Inventor: Yueming Li, Hangzhou (CN)

(73) Assignees: HANGZHOU UNITED TOOLS CO.,
LTD, Hangzhou (CN); HANGZHOU
GREAT STAR INDUSTRIAL CO.,
LTD, Hangzhou (CN)

( *) Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35

U.S.C. 1534(b) by 0 days.
(21) Appl. No.: 17/028,820

(22) Filed: Sep. 22, 2020

(65) Prior Publication Data
US 2021/0108425 Al Apr. 15, 2021
Related U.S. Application Data

(63) Continuation-in-part of application No. 16/470,512,
filed as application No. PCT/CN2017/096189 on
Aug. 7, 2017, now Pat. No. 10,988,944,

(30) Foreign Application Priority Data
Dec. 18, 2016  (CN) . 201621388937.1
(51) Imt. CL
EO4F 21718 (2006.01)
B25B 27/02 (2006.01)
(Continued)

(52) U.S. CL
CPC ... EO04F 21/1877 (2013.01); B25B 7/02
(2013.01); B25B 27/02 (2013.01); EO4F
21/0092 (2013.01); E04F 21/22 (2013.01)

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

4/1979 Smuth ..., B25B 7/02
81/426

4,149,435 A *

6/1991 Hammer et al.
(Continued)

5,022,292 A

FOREIGN PATENT DOCUMENTS

CN 2037769274 U 8/2014
CN 203856178 U 10/2014
(Continued)

Primary Examiner — Andrew J Triggs

(74) Attorney, Agent, or Firm — Cochran Freund &
Young LLC; William W. Cochran

(57) ABSTRACT

Disclosed are a ceramic tile leveling bracket, pushing and
clamping pliers, and a ceramic tile leveling and laying
system. The ceramic tile leveling and laying system com-
prises: a ceramic tile leveling bracket, an isertion block,
and pushing and clamping pliers, wherein the ceramic tile
leveling bracket 1s disposed at a junction of at least two
adjacent ceramic tiles, one end of the insertion block 1is
inserted nto an insertion block receiving portion of the
ceramic tile leveling bracket, and the pushing and clamping
pliers push and clamp the insertion block into a ceramic tile
leveling bracket such that a bottom face of the insertion
block 1s tangent to upper surfaces of the ceramic tiles. The
ceramic tile leveling and laying system 1s easy to operate,
and 1mproves the laying efliciency and laying quality.

10 Claims, 24 Drawing Sheets



US 11,661,752 B2

Page 2
(51) Int. Cl. 9,562,365 B2% 22017 Bucsa ... FE04F 21/0092
EO04F 21/22 (2006.01) [oalod) B2 Saas puneh o
H : : L vttt
LO4E 21/00 (2006'03) 2008/0236094 AlT 10/2008 Doda ..ocooovvveeeen.... FE04F 21/22
B25B 7/02 (2006.01) 59/749 11
2009/0211034 Al 82009 Lionel
(56) References Cited 2015/0308130 Al  10/2015 Biee
2019/0309531 Al: 10/2019 Li wovecooioreioiieiinn, FO4F 21/18
U.S. PATENT DOCUMENTS 2021/0108425 Al1*  4/2021 Li .oocvvivvinnannnnn, EO4F 15/02022
2021/0238869 A1* 82021 Li wovovoioceoiiienn, FE04F 21/22
7.992.354 B2* 82011 Doda, Jr. .......... EO4F 15/02022
52/127.7 FOREIGN PATENT DOCUMENTS
8,181,420 B2* 5/2012 Torrents I Comas ..........ccoevvvnnn..
FE04F 21/0092 CN 204456801 U 7/2015
52/749.11 CN 204983579 U 1/2016
8,622,096 B2* 1/2014 Yang .......c........ A63B 51/02 CN 205713011 U 11/2016
140/123 EP 2514886 Al 1 10/2012
8,887.475 B2* 11/2014 Ghelfi ................. E04F 21/0092 EP 2514886 Al  10/2012
59/749 11 WO 2008118418 Al 10/2008
9.260,.872 B2* 2/2016 Bunch ................. E04F 21/0092 WO 2015161366 A1 10/2015
9,447,590 B2* 9/2016 Sighinolfi ............... F04F 21/18 . _
0.487.959 B2* 11/2016 Bunch ..., FO4F 21/22 cited by examiner
0,534,403 B2* 1/2017 BieC wovvvvveerena.. EO4F 21/0092 T imported from a related application



U.S. Patent

May 30, 2023

b"'.l'l'..-f

o pt
-~ - I i S
T -
L]

Sheet 1

LS
- - -

of 24

' -
- “ I 3,
e -l"l' l‘l-* H u Fi
\‘ .*."" .1-.‘ b — hh N .}_
L, J-'* Kt !:: " h ?‘1
» X & s wE
4 4 '
\ v W
v N i
\ . "
# & o e W
i : N ‘I-': \
‘ " : .‘.'.f_ri“'l.'l- 4.+-. i '
|‘l % A -“"-m.-"‘*. ame
L1 )
.5: h‘ ‘| LR ] "': {l-:'
a h
E } - ) _-u-"“* L ":"}-
& L LRSS T o e -
W \
ki“‘\ i \
S :
[ & E
- \ a2
N . . 1"‘“““ v
5 * g
" :I. A "L -p"' mhrmm
Sy ! o+
‘.l 1‘ ™ H *I-"
- i ¥ K .4_1-‘|| f-"
‘1‘ b I:" +*- ¥ -: P h"ﬁ
. :_‘\ '._1,. X 3 "'I-" \. ]
o - M N a® | N \
e W 5 5 : 1 ':t "
¥ "
NI b, vk o
o % n % b
I ] NN a
y y N . " N |
I S )
- AN N8 A
T S s
-~ 4 "%
, e " v N b, T
. L i h % k ar® [ |
] '_,_l'_?' ‘_l' LY - _;\‘Ir Y +.-‘ b
: A mmmud®’ Nk :#.-i-';_.-n-' ': g
-l - X E‘ h ‘4""—' : “'f
y ¥
- & ™ -‘,‘." 'l'*'
- NN i-ﬂ".' -
P i
* h ] -
e T sty > :}‘ .‘__4' \‘1
T 3 [ a* ¥ P | *
Y 3 PR - \
‘."_I 1.-...‘ y ‘-.q. :"..yl- ..i-q" & q'* .-I-I-"I *'ri
.r“r -"' .q."".‘. : .‘I -.-"'-4:'#1‘ 'r"."* }..'i ""-."."*-‘. :1.' \. .-h"
4 1\‘\ t':.. ‘-_‘_“.H‘ " ﬁ:‘}h* 4."‘. .‘l"'. l*‘i‘*' » -
N N\ PR e
R T N e N T
- > y L A T v -t )
- iy & o o * o Wi WO
a g ey RN - e o “}
H"\f" ., b E‘l":‘-..ﬁ..n. - i ""'"-h- "
uF I-‘.. *
= r"# ““'-."-. % '*‘ﬂl
‘ [ Lt lil‘I -"'h..-‘.. "l .._-.'-‘
b oymwmrm "‘-‘.ﬁ“‘.“"'“*‘
ti-\.- -.-'.,. ., _{i .'q.-
\ . S
\\ ‘; Fade ¥ H'-u" ‘\‘ 3 A At
‘mmmw : ‘::. e ] ‘t
W * h *
AEHE LWE

US 11,661,752 B2



U.S. Patent May 30, 2023 Sheet 2 of 24 US 11,661,752 B2

S
3 ¥
N s = y
N =
: IR
} 'E'_ﬂ- i ‘1 ‘.._3
e e H, -
P i S
l: .._l".q '_i"
:‘_i-"t : __-1-'.
L
b u*";:
: M
T
ol
. §
)
N
X o
_.h-
U
3 5
L4
g -h-h.':ql
£oN
vy
NN
NN
.
.
ooy
PR v
} T2 P
s Ywh \‘ t b‘
x h N
\ ] Y SNy
€+ e * i} ™ ‘i
it ‘ ‘ _.F-‘-‘-‘ ¥ "
\ :u.....:il - - N
bk 4 -
-~ ¥ .\\ : y .1."
q : ey . \' 3 : 4.!
O, \\ \1: "“1 “_-l-

" "{ ry al
et ~ Sl e i
N "-:f* b e W :’ N wmem T 1'-"-\-'-"'# \'*
-\"'\_ "11‘_‘_‘_\ - '1.‘.‘_. _F..'ln. =i # o
“'q.. ) » - 4 - Jh L]
", ) o~ o, y wt "bq\ . ay
““L'Ih h"“ 'l" ‘ 'R *-h‘ o - : :.-:‘
5w
- ‘b-‘ T ‘T: - r""""'?\.—‘ \."\ i

. 3o,
& I .hl L
1 - ..,l# F ‘_-dl- H -.+ ) ‘-‘ s A g ey ey H \"“r
N "\L ) o~ N u o e
5 .‘_':f e -+1_r- .|| : _
.-.‘-. b ._.,"" L ..‘ .
- ] §
!_1_1" " ‘ ¥ .
‘_-f' ‘h l" '\!‘\\- ‘_-.‘.. +_ .
h . ! .
l“w"l*,. .l‘.“-d;; - 1‘.*.."" ...]. *.'1 T +4 : l‘
-_-"'"'1 " A
| WK w - P, \ L“‘..
o ‘-.,.\
-1-""1 ¥ )'. . H‘
ol - F. 1‘. i -; l\ h‘h— ‘.h_ ll‘ 'f"‘;
w=* v " \ - .
. - o [ | \ .= o ow H * 'ﬁ
¥ l-"l‘- .,_-L"' * ¥ ]
"L I‘.. R > b . W .
kox -':n: J'lt" : Y £
. -‘- \h‘ﬁ" .l" ] t
o ' %
+ b ] L
r 3 u
3 : \ Y
h a -
| L} 1-'.“11.‘ L
h - .' h ‘-H_ '.
L-. 1 | .q.,-“ L
w N »*1 ) : -"'*"h..... :
.-t i* -"ﬁ ' L [ II-.L-h"'h.__-lh
L .:' 12T : hssssnsnunnnnenunanb I L - L T
- - 0 \ e mmn b B
" N LW
' ‘ el wd
0 y
h 3
" )
h “
\.l.‘ L L AL LT L T R R L T T T U R Bk R I.I.Il"“
1
[ ]
: %
X R,
[ | L kK )
- i ' S S 4
' Ly '} b Rt
‘-‘h‘aﬂ"*‘ﬂ-ﬁ“h‘ﬂu‘-ﬁ:’:&:‘:‘:.:‘:‘:::h:‘m o ‘k-:"h-"ln"l-"ln"h"h"ln‘h"h‘h.‘h‘-:
g N
¥ ; .
AR i \ '.',: b,
' * i o e | "I "
-n.‘l-. '-|-.\|-. wolem eyl
'\ill"‘-"l S 4
W . b N
R
i oL y [
T
i RO
L] K i) L] -
:i I\“J .‘-_-‘. ‘*i F‘FE;H"E
L] i L L - o ¥
:. : _.'.‘_-rl-"" - ."‘-.._ :.*.. “."'4. '-.h'h.'l R Y . 1‘-." "_ __t‘ .‘: _J‘_
- 4
! o * ,
- h‘h' 1 : ‘_'ri i- ‘r
R Y - ; :
. . ¥ "
> o Yt ‘*‘:‘ ‘a:: :,? ‘: ':;'1\ : ;
* 1 - L]
.1t 4"‘ -ﬂ:*-. "“"_!t : :' -__1."*' o N ‘h-h" : -_1‘\ ;
:i '.1- : : _‘..."‘l t*‘\ -"_1-L-.'. :' ':'I
."‘\ ‘l :- A : ':.lll “.. +-‘+ o iy )
& ] h - 1."‘ 4+ LY :\qt'l'l“““““
Pl oy ) N, wty b et » ™
L - "\h r Ll : L] l‘ + . -" w - . L | [
q.‘\" ‘,“':_ n \ : k :l' _‘4:'-"‘ 'I'**'I..i-.' LR ) ar e : ,:
. Y. ] + N g~ *1. - e N s
\\\ ':i.."l- l"%."!.* it o - : :‘. - f*'q. i’.\:h ‘.-.'i.-‘ '_-q._"ll‘-"'q' * : :'
X § e an® \
H\..\\ \k e : 1'.\..,1"‘1".- ‘L“ " i it :. X
e ¥ i.""ﬁﬂ..‘b -'r-‘-"-“ Y :
\ t_l"l ot v ~* 1 :
o -t ™
. -‘_t't;i‘-t- b Caan st - : :
v -'“"1..4-*' Wt LA :I- ':.
¥ 2 -t - b
"H:i ":. "'l‘-:". ‘1} oyt ™ -“"-.:1** * e} i-.--..v""q' : .\- :
4 a4 o * - ol hl-‘ e am™ Ll
‘h‘.l- -b-. \"l.*' h,"l.,- “""1.._.._“ bi-‘b .."“ “-n."i-""" * t \ .
o —— - \ L |
"-"‘.'L - [ -1-‘-“"1“ * % Eﬁ_ -
“ emaam WA * \ o
\\__.‘l“h'b‘ul“"" "\_ %‘-"""“‘“iﬁ:‘-}'\n"‘-‘
&
: \ * -

mhann bR R R R R R T R h R R Th R AR R Th R AT R R R TR T S T h R T R R h R R R R R R R R T TR TR TR Y R R R e T e e T, e e e e ey e e H'-‘ e Ty P e e g e e e ey e T e T T T T T T 'l-"ll-‘ll-."l-"ll-‘l-"l-"l-‘l-"l-"l-‘l-"l-"l-‘l- e nd
&

. : i LY 'h..
h x \ ,
& Eoy - |
""\ % 4-4. :I- : \'\.
*4* | TR LI - ‘th: ‘: :1\ \ - ANy
- LW ) T * L] b e . v
e w ~ ,t:._a-.‘h. it ., ‘_‘i": L:“
b .
aw n 3 owt




US 11,661,752 B2

Sheet 3 of 24

May 30, 2023

U.S. Patent

Tar
e

£

Rl
_ 40
o Ak i . . .
*e ___.__._.., ;._.-.___“ i ., ..“ u.
o, 4 i ol Ty ’
ﬂl. - ﬂ-‘..-\ i“ m 1!..‘. “ K\-..- ..-.r._-..ﬂ -.._..
£ . e , 4o 1 wrws ¢ Va
L # +, ey v ¢ r = T :
£ ﬁ_.__ .1.__.#1 o LI v T uﬂ.__....h_._.t. 4
/ __ o £ L ¢ WA AN
R “ .-.“ ﬁ_._.t\._-_-.u___ . '/ ! « " 4 _h.i - ......__n.h....“.ﬂ‘.n.ﬂuthm
! i 4
. W ; / ’ . ; ' ¢ SaiH s o, f
e e ¢ # . ’ / / e i Y
. - .
’ 1....1.\‘..-.1 [ ._t. 7 V| .“ -~ /s ’ L .A.._._.-.L\..-H._._‘.
i ! ’ : oy 1 / ; i o4
o ’ ; # o i e 4 .
i ; / ! L5 J OB 3 LT et R
LA ‘ i i A . J " 7 . 4 G it 0 ! AL
A / / H / ST / / it
o i l ...l ; PR .-..-..H. ) 4
p -.F— \_. . . o ..1..-_._.4h y ’ F P or !
5 K \\.___ gt \\1\...._\.\1 1\\\\.”\\\\\ ol ‘._.__H_._..\...____H...... H...._.._.._. e n / : R Ayl A AR H..__._”,u._, - “...__.. H~.... ;
_..-.__ .i.-__.s_ ..n.....___l._. ‘_“\..“ l..l\._‘_..l.‘..-_.l.!.t.....\..-l..l\..ﬁ. Fa g - s u‘-....-.”i.i F \\.I\ - \\_\ e «.\‘_ -y .___...._- ] .I..-\u.ﬂ..\.ﬂ“ ...ﬂ.....“...._..-._...._-...l “\_.“RHH.. \.\..1\..1\”..___.!__...__”-....-_.1 _n._.n\-..\\“ . _-.“.._.. P M
- * e ; 4 -~ - b r T v\\.\ \\ . tu T, T y
- * . * - P . Ta - .\__ 2 - ...__q
- - I . L'l - g L - .
_r.-.._ . \“\ _._.__. .\\ \.\ ““ _‘._.__ ...‘1_\ p TN Ty g \\\.\hhh\\iﬁh”ﬂ.\!b\n . ¥y m..___.ﬁ...______.n H.H.H. m\ \.\ ._”,u_ g s
T ' e e - o r
-.- P \\\ y \ ..-...I.....‘...I.... h\ 1 \‘\ [ - .l...l.\‘.ul..l..l_..l...lq..lth..l.-.l..l..l...l..!._. v I..-........I...l..‘..l. Fr ol ‘.-. . -..._. # .\_\.\x I-..r .1.11.‘.-1.1 l-\
i .-.l.- __\_‘... \\\ .....—l.....-___...l_-.l....i_..-‘..l-.. x‘q s -4 \ * .i.l_.l...l-‘“i...-.i...l.l H-u. .._.._l‘. ‘-.._\..-\_m_.._._...._-....l. ...“..1....1-.‘ .l..l..._-..-..-..._-.l...h_. .-.. i A L e .\_\
ol - - i - [l v g - w T N N Pyt X -
4.-.- +.__._ \\\ ..\_..\ .\\h..!.._.\.l.l..___. - g o ar b B S - 1!&#.”““.\!1..1\\\!\\\.1 ainidl il ..”1._._ : .x............#r\\ \.W \u_____‘, e " & g P Rl R o i Rt .—..nu.u S, .._.\.._
S Fesrel | 4 4 e ooy iy SR f A
;h..-..; .-1.-_1..__-.__.-.-1_..____-1_ .\.\ .\‘\..\ . . e F X N R L .I.l..l..-_...-_....!.l.,___.i.-.i \ ...\_ “... L.\____.-\.. ’ __\.. ‘““ H.....n n.._. . ..q.... . _._._ Ty - H..u.l__..l
- “. ) ‘\ e .t...l...-_....l..l....-_._. \ll.ll.._..\i. .._-_.....-__...____.. _\_ ta L__l-q...\...#.n‘.-ﬂ\._.i “.... ! . r - . .‘_. ..1....-___.._..................\....Lt\.l.l.lq.._....l.lq.......qﬁ.l.|.|l............... 1IIHH““¥L1...||.1..-_._..\.|..!.I...._...1....U__ “_.r.i._-.
_ e R P A \ P 10 a b, et T W
] .___“ ...-.1.. ....I.._........L\__ .l..-._-_.-......!l L...___;. B
d Y K \....-.l..lu...._.l.llt._...l.._...h..___....\.....

- F
..__.1_.h. \\.........r..\h_‘l.__ l.___.q - - ..h..__.. .____. ...\ l\l.rl.l....\...__._r._...ﬂﬂﬂml.r
. : o ..- i

PR rY il . .
l--'..‘-\‘.\t a. ..\» df.‘f.‘l...‘..l-‘l..‘.i.l.ll.l.‘.-._.b..ll ..1. . .
- .u_ i \-_ ! .t.!!.ll.l .!.__...q.l.i.-. _..__-_... P .l.r.1_.._‘._ F ._....-..._. -

- ’ b, y ......ll.!.- r a .l..,.-__._.. _-...-.....__..\..._\__....._..u- ’

! / e £V, ﬁu‘m.
> it }
ﬁnﬁl&
[ ]

s‘\ \. e L]
i..I..t..I.....I...‘.......‘.I...‘..-..i L .—..1
*ur g - e
o “ ..\.\ .-_.L..l. .l.“..-...l..l\..‘ - \\ e .l..‘l.-‘r. s\“‘ i .l..-\\r\ .-n.__ ‘_t l__. .-.J..l...T *- .-1._1“ .....1..1.1.....1.
il._- 1_.\ \.\\ - l.l.l..‘lu.....ls.ﬁ...t.t..“..”.“.t....._-_.! Y .‘.\.. T, ., o~ ’ .-.1“......__..ﬂ_.. .t-.. _5~.__.. .1.-..l.-. Ll .-..”H..“ o,
-._...__ . ; \...\._\_\\ 1‘ ......!.__...._.”“..l!.___.l. .‘\. ] ey ..-........... ‘ ...._...._........_L.x .-.n... . ..:_..l.l...!.ﬂ“.._ e, F“
i._-s. * + p . . g A ..\. s o . ‘a . i P PR
i v ol Y +e o i - . Hurr -
11.-_1 y . iy \-\\ . s VAt e pm eI NI E Ry, F ] o .u..__-.._____.__” ik PR Bt et el P
_____. #_..1 r ._.f._rl._..._ ﬂ .1..1._._.._1.1..!.___...1!t......_-.\\ﬁ\\\h.\.\\\h\\hﬁ\\\i.!.".“.h.__.!._ __".._ s a4 - . " L ; e .fu.n.q e
L] + - L . .1 T o - .|l...l.._.l?‘
' .“ .....t.!.l e, —..- .II.!".-.%._. / .__-__ \.\ . M L .._.l..l.-_...\........-l|I|11..1.._...1....1.1._1n...1.l..l.l.l..-...___..1 <.
\ il X - ..I.l...l..i. [ ] I.It_ .1.. A - s - A .1..?
.\. ._1 o .-_..._-_1..-_. * _-..1 r ¢ 4 \_ ¥a_ /)
’ y N .___._-....._-..t.._...___. . ._.__..l....._-..l..t...-l.-_...l..!.l.l_.l.l.!ii.l.l. L7 / ] - ‘.._-..__ .. T, r
\ .\_ , i t.l.l.itul.i.lulu.\l-.\._-.il.lwial-.\ aa .._...._...1._.. \\;_.‘_._ “_ _._ ' \ ._.... .L_mh_..-.h.-....-. —.1..-.1# “ _L._..__ ey
. r - 4
’ ( . e, ’ ‘ u\... K - M
; / ; } ~ , KL YRy 1
/ __ ; Lot : / A, ¥ 1 ’
\ + Fy .y - - o
[ x... 1-. -1_ -...._' ._n * “ ry .\\ .\u tnﬂ.-_.__ -....__. P - 11.#-.\1# )
_____,_. ! u____ A v FEFY v P F ”\._.u.n‘. __u__ i " ¥
d a ] ]
\. r / -_...-.._- - . o F ] - .‘_.
P : / d y For A ; / f Lo r :
| P ; : 07 o roei AR A R € .
[ - f LRENC
\\\\ “ ’ ! i e A p # “ H P .
H ﬂ ’ “ 1-. . te . 1 “ F il l‘..‘ .“‘ I..'..‘
H - ... l * or - - tﬁ I} v .-.i * -+
’ i . ’ o 4T ' * oy !
! E oY Lt F L st ’ ¢ ' . A
\l..._\ . .._..1 +otart . L “ “.l..-t. / ........____”__..._._._ .-.- - .-51..-_ Ly
Pl b Py ) K il rm *u ' T > Pt L \\-__ - 1 P 1_..I
.-_.l. i W d i F L . . - *. s ._._1._.._- sk ta -b.
l.- % w * .‘t ._.......l..1 ul .lﬁ ' . ....i‘. -ﬁ-...-...i. : lt ’ iy ’ * r / .
ﬁ.l / A i \-.\. g ORI .f.“.. Frg . i
. ., 1 ._.“ __.....1\\__. Frg, , “ L f ¥
\1..._.\\._- “_ ~ “ - J e \1.....!.-_ ll-..\”t..
i ! 4 ¥ -
(RS ’ “_..a.tu\._ e A .
¥
SRR 5
__\_..-.‘_.l.- *
h o,
£,
- x



U.S. Patent May 30, 2023 Sheet 4 of 24 US 11,661,752 B2

i - .

] ™ n o on e »

N

+H A L Sk

A Ha S

n 3t 4

-“1 h -i' .

. ST T Ty AR

" e Ly LI -

% : :i'utuutuh.i:‘ "H.-l -:iq.
L ¥

" = %hi..l. } '--h}-:h\.

-
o

. .l',_li',_r!/r:'- [
n
')

[

¥

)

’
A
-i'-_',.
A
rrr
L]

i

Y tt,:-l,.t:.tjjjjq,.l{:
R er ey
Y
s

‘.1".‘1*
1.': B

5 A

T b

B
i
,7
.‘t
. . 3
[
* ,—: _,-/
-1",'""..‘_
s
r-'
'y
r
7
r
o
"
a
]

i
s
l'..p-.":
K ol
5 el
] [}
Frataralf
ol

"L_".“‘ - nt .l.- +* ke

& — "" : 'l..tt.'l -Ll'-‘
\a
Ly
VAl
::‘h

o
[ i
LIS
dyowl
A 1"-; ;!':
h [ ]
3N w8
oW NN
S noou
DV S
""-I:" ‘n.,"'l. ,.:
33
"
&N 2
) h‘:-h .
W R
y Bt

.“‘\ i‘\ ".'
] ‘ﬁ.ﬁ‘ ‘l"‘
'-"l.:}\.‘} l“.‘.i""
- » . e
V3 e i } I
- -'\ . ‘\. Ty - 3 .
gt Ml ':: ..."-" R 5 -k
Y Ll
"
{ {
LY
LY
h Y
" \
b 5\
= . n
* " A
"h e, . H
it ., { »
r""\\'{“ll 1
A "
\ B
AR Y R i
{{4‘ - "l-‘ E :‘: 'I-} Il!ll- ‘1
w gt N .
P Pl '1' § mann (-
el el i lF'Il 'I{'Il-i-'-.ti b‘q. = bt ue? al
‘ ‘_ ‘. H . n
- | 4w L]
\..t': .t o 3 .{\ . . et
+ -+ - Sa, LY vty H iyt ‘*h e
e e : U\_ﬁ‘bh*‘*ﬁ.# R '*\
+
l‘ ‘-l“"-._“.ﬁ‘- B4 L #:: - _‘_‘ﬂl
"~ i nahm e -k
P e ety oy el ™
-"'n.‘n.'h."n.'ln.'ln.'\.."n.\.'ln.'ln.\.'\..'\..\.'\..'\..\.\'\..\.'\..Hﬂtﬂ:hh“-‘l\‘:‘ht\l\h\#ﬂ-\l‘k‘ "ll.-\.nu\\\-\.x-\.n-\.n-\.x-l.-.-..-..-l.-l.ﬂ..nﬂ.ﬂ..-l.ﬂ..-l..ﬂ.i.i.i.ﬂ.ﬂ.i
L] ki

s 1
."\..‘u‘u"\"’u"u‘n.‘-':-i'n."'u"h"':.‘u‘u‘u‘u‘-‘.‘-"l—"’-‘-"u‘-"-"a."a.‘-"a."u'u‘-".\.‘u‘ﬁ*l R "h“% T R R ﬁ"'ﬁ"'ﬁ."u 1 e e i T T ™ e e e e e i.‘\.*l.'ﬁ:. e e e Y

ﬁ.ﬂw oY - CU ‘
R o _.-'h ‘ﬁiﬂﬁ\ \ o ‘h‘x

[ ol
‘ d " EWYT - % “
+ t‘_“" “\.,‘h_q.,- a - . e K
e . .Y

Fig. ©



US 11,661,752 B2

Sheet 5 of 24

May 30, 2023

U.S. Patent

Fig. 10

J_.llu-_

F
]
A
i
A
| ]
)
L]
L]
r
, [}
.ﬂ.ﬂ” w__ 1 " “ i
A .
F - 4
*
. A . )
1
e 5 ! }
e “ " % : ’
". h - .__.__.r ! " - [ 'y
" &
, % ﬂ. r s £
' . * A ‘., s I
4- ___._.u .__-_ A : i *
o’ .__.-_. P + Il ___‘
. . A 1| » r
- A " -._.. - , 4
]
qq._ .
u.__.__. g
] " *
L]
L |
_.r___
[ ] il
1-_.-_.1
*
i..I

-~
-« ]
..ﬂ-_- lt_...
-

.-.‘.
L] u-..ih.u_
4 * *
e ’
' iwfzj
-
..-..l.w - .l.I.l..___.._-..-_...._..-_.... \\\x
-,

ol
b ]
- R ™ -
L o ol A A ey
....I..
=
o

r
i
r [
wete, - FyY ¥ qt ¥
S A A A AL IS TS IR IIIE, E il ’ T
t‘..‘.n‘nlll:{lhlnnl-i.ni..\.t..l-.lln-.l.l R T .-.' L
N 4 "
(%) b
[ ] o
i !’ .
a n *
! - i
[ * %
- r
* ” n
. L .
L L *
4 + :
] L
¥ ¢ o
[ ’ *
. " y
- L _-.r
' . -’
- L |
-.- 1-. ._._sn .-._.
.....___ r [} g
. i
. [} L3 "
v L y
] .— .
[ 4 T
¥ r
F] -.- L ..1..-.-_.
.\\\ : -
s
#
1&. ‘-
A y
"
-
_-.. *
»
7 &
[ ]
x ., -
iy -__ ' -
v r ra
r
e :w‘ “ ,
n
- ‘.l. Pl
L
L]
L |
+
.
n
¢
4
1]
*
" .—..
+
%
¥ ra
F]



U.S. Patent May 30, 2023

-F'_.
/,f' *
.-:.

f"'""""""’rﬁ"ffj.l.rrf.

Sheet 6

of 24

US 11,661,752 B2

5NN
NN N
e Tk
. e
\ ™ %N a
v N
- "
Y
™, N
L A
N Ay N, e
*!: *: i . ] ‘\“"ﬁ 1.‘_‘_1.""* \.\
"IhI -“:I --:‘l- -:"‘il'i - ’
:\
’h .
Y
i
ko
A N e
h i A *
A Y DA e
A N T L T
: : 1,: : BN, WY, Y, W s
Y N, y .
& . .
L] I, Y b
) vy A
" r
i1
g
'\':\ I
b L]
W Y
\' Py
. B
TV Y M % b
'-..hq. 'I.H‘ "E‘. H"Iﬁl x\'\.‘ :I
o et
"L'__
x ]
T
s b BN
'.".hh l\.i.lhi '\‘\\
x\
Y
o
1-"""1
: -"-L*
.n *‘_.,_-t"'
L
l'l‘“
it
| ] 1 ]
Ty Th ™y
L] h L "
1.'.\- --l.'.“ -.-l.'.“ -.in
i, el ™ L N
3 R
i 1Y
- 2 ,
-~ M T, W ..":i.. e
on et
I i
" ‘: :*".,':
..'-:11-. ..-l:"'-h 1“
\
]
]
\ . . - . l.“ .‘.
\ HI R
‘ -.':1.. -.':1. -.t“'l.\:u."#
" .
b - s
\ :
H. ] .1.‘
N, o
b \
LY :." .‘t
R R ui-.ut!‘ﬁ‘.].'lf""“““‘":‘i AEAmARLS e 'll-'l"-u.{:-. g
- »* oy,
‘.“ ‘.,..I."b--u'i-"' "““-“‘_‘i“ ll‘i‘-ﬂ-‘h\i"-",“_‘_llll\“_‘{ "'-.."'i..\.-\-.“ -‘-"'h."h."'l.-.h S
T S i '\\ . ' T .
1-"*‘ a-.-l-‘-""-‘"“‘ - Iy I""""'I-"--"‘l-.
-*_1 _‘_1'-"“‘.‘ H : q.'-“ \‘\.x
n‘* -n-"lpdI \ " -"i \
L] :’ [ *.. .\
: i\ - \ :
[y » \‘ + ‘1.,_ %
v L - by,
Yo h. W LI
] - a7 [} N
| k aT L]
! L
VA } ' A
AT ) .. ) % a7
I-L- -L- '\; H"' :, : : : :. ',.'r' : : :
i ¥ ‘E' '-..-. =
“, % ) : Ny o~
- l‘ ‘ H * ‘-I‘
! i ¥ ‘1""
\H"n : :. o AR AR :‘h'ﬂr'ﬁ-‘n‘t‘-‘-"-“"\t r““““"#“: i i:.-_r“i
) ' h N ‘. L - -
sl : ~ ' : ;~ Y -
b ‘1‘.1 ' . h W h By e e e A AR " L ";: ':  *y
\ \ T T T T L '.'I.'-.--.i.'l.i '\-\ .i-'l-."-‘l-"-"'nh " Py . .
Y x i ' N § o ' < N IR - . \
.‘l.. \ e v n " - h : "*"\‘ banumnuwt W +‘1." . T, . 1
- B Tl - -
H“H N _."". : : '. t : :-.1..1-'-.1-1-"-‘.-"1 ‘,‘4-*
AEETEEEERE ) LY 2 F
-t 5 ' ' : 4 .’ﬁ\ Wt
--.'-h‘l-"-""""l‘.l \ : , [ h - r I--'
L e d N - » =
- L] - g mwt
"E ) : 1:::' ‘b‘-‘\\‘-‘l‘:‘l‘:“&““‘“‘""““"“‘\\““l‘i‘?“\i.--llllE_i."i.'h.'l-.111.11.1.%1‘1—"‘:.-‘%\“‘-‘“‘"‘1‘“‘H‘l“ :
"
o SR T T W \ \ "
- - om A - !' § .
ll."n II.-': 4“'\-'# g “'\--.'h *_‘_-."' E ; : : 1
: ; “. .‘ ‘h‘"‘:-"-.- = % .'-h"l N } z : . e e T *"1 ‘.‘ J‘-} L‘-‘...i
il iy My W g : : ::‘l-i N L N . 1 % % N N L A e "“‘lll““i‘:“"“"""ﬁ. y l‘ ': ‘._1-‘-.‘:‘-.-.-!‘ 11“‘_‘_“““‘ L ::1 I ti*
alhe ale . St Y e, I ] LR VR MR VAT
L . L] »
: : } ! :
[ ]
§ Y Y N
L]
: . =
3%
I-‘In +‘~I-. q."“: 1.': q‘ll“‘*“.‘_.‘“l“-ﬁu‘h‘h‘h‘h‘h"“.‘_‘“‘l‘h : : ': ':- ':
T S o A, " b %
".k' ".k' c'-.'i '-.L." ‘ -‘ i ‘
h y v . v
:‘I X X N \
h . . ; ;
& ' 3 "
; ] ;
t‘l.'l.'l.'h.‘l.‘h.‘h.‘h.“h.‘h.‘h.: ': t""""" :" - “:-
- el L ELELWLW - YTy Ty Ty
e e oo EEREERR EREE AR St ORI vt
.1 L] - '\.{
)
\ N \
| ]
N \
*
!""1.1.11. e T T T T T T T T T T T T e T T -l-"q"-.‘.'i.".'l.'l.'l mrrarEEds R AR R R R R R AR AR LTI LI TR s ek
L
%
“
L
L
LY
N N
\-_ ] '\ .*“' - . *
3 LN PN
i A t.\.‘\'i LY - mr
'h-."



U.S. Patent

May 30, 2023 Sheet 7 of 24 US 11,661,752 B2

»

Jriaiirlopityrhp Ayriy Rypiy iy gy byt A

: ERERAH
L & [ ]
n - .
' AT N
+ 'h ..1'-:.'
\
e * bt "

f

. -~
o iy ant

# 4 + & &+ + 4 4 4+ + F F +F F 4 F

d
Y
’
o i el e A R g o g

T
™
"J"‘-'*-.,.

"I-“I.“\.,'r"n-l.-l_l-i.--"l-'-‘ﬂ-‘n-‘-i-"ll-"

it L PPN
=h

AR R R, Y

Wm-wm

L

|
.Hni.h.m
.- .lll'l"l"l"l"“'"""""‘"‘

e LT
- -t-. P L T b ke AS AR

. "
L
]
pExETA
"
*
i

L
LF'}
r

%

PR
._1- -“'"
N "
n, A
D X
L L
n, .
D .
n, \
n, X
* L]
n, §
[ ]
* ‘.“‘.‘h" T
z & - - : -"i" ., -
* L
y : - g i ~ u,
z N ‘_i-‘ .- 'h
N K - : M \
) y u* y
. m )
:: : R S ‘: +1.."* § :
) : VAN \ :
b‘ :‘ ady Ay ¥ \‘H. 1‘." - L) N
& -
) \ ~ », o 3 : \ T *‘i
L] " . - N 2 -
Voo N~ : : R St
¥ 5 " _1“"
& [
E E \h‘ e, ¥ : : *-}Rl"
* } R N : S
\ ' n “"- A ¥ '-I-*" \-
i h"‘hr : "'\_‘H % L] ‘Fi. .1
1-: lr: 1-“ L] |: :' s » : : 1**'- b
Yoy o : :: . i N - AN _..""" I:.
e -“-. L T ™ ‘“\.. L g : ""“h.‘_ _‘q" “-“ 1%
hat ¥ T " ks T et .
H.x : H [ ] ey ~ y el :
1!.“- |. t ‘b--‘n‘-..‘.'-.nll'-.‘nl‘.‘.l‘.l‘.‘.ull..'l.uu..‘,i-.d..'q-.l.. -.t\-.-."h-..-.“‘.‘“““““‘.“u‘i‘
"'lt “ » H \-‘h"h"'h‘h‘h‘h‘h‘h‘h‘h‘h‘h-‘h‘h‘h-‘h‘h.‘h‘h‘h‘h."'h."h."h."-.'h."'l..‘l..'l.‘l..‘h.'l.'h.'l."l.tl‘lilllll‘.llll‘.‘.ll‘.lll‘
¥ N d
L o
vy \ p
oy \ |
|h [ ]
: ‘ “l L S \‘- _‘i"
" : RS Lt \ 3
Y N at -t o
[ .h _— ¥ R R R TR RN R R R R R R R R R E R R R R A R A A A AR A AR AR R R R R 'l.l_i
=W T
1-1-""."" L “h?— ™, - = l..'
- ¥ 3 - .
q.-ﬂ : : \ - -..“*-i "I-."!-"!-.'!-.‘ll-"h-."!-."!-.ﬂ-."!-."!-.'1-.1-."1-.'1-."!-.'-|-.‘i|-.'||-.'-|-.'-|-.tﬁmﬂhmmﬁmhﬂ.mmmhmﬁmmm-‘"
» ¥ - ¥
A4 L | S -
: :. : .l\ - i"‘i‘*‘ " \ -
* [ § \ -l-‘
* ] § L] "
¥ - ., at
" o
*l“‘\‘\\\“-‘\"l ":‘;‘ 1‘!\\\1\\..\\:\\.\\\\\\.“ LA LR R L LR RLR LN - 1“-"‘_ - ..Li"'* ¥+
ll'-l‘ ‘ Ih, : S lq._-..\-..._...nll"‘"“
™ ] »

+*
Ft‘-‘““““*“-ﬁ'lﬂ‘ﬂ'ﬂ ;\“t‘htht““"-‘l-.ﬁb
*

vy, T, i i, S, T e, e e T T T e T T T TR

- .
"'.-"'-"!-"-1."!-"'-"-'1-"1-‘_1-"'-"'-'1-"1-"1-‘h‘h‘h‘h‘h‘hﬂl‘h‘h'ﬂl‘h‘h‘h‘h‘h‘b‘h‘hﬁ“‘ntil‘.lll‘.l‘.‘.l‘.‘.ll‘.l‘.l"

",

=,
-
ol “'ﬁ.'ﬁ.ﬂ-‘*

-
¥

=y
at
s
'.1
4
s
E



U.S. Patent

Sheet 8 of 24

May 30, 2023

US 11,661,752 B2

]
A
o - "
+1 \ o
**i 1"’*-..
- "".._\_
" .
«* ~
‘Fﬂ* hat ~
" Ny
-+
-i"** “"‘
‘l. \""'l,_
ot e~ e S,
i“ L] o -‘- - "
+¥ ey ‘E *.‘ o ™ T
l-'l‘ Y N y “w,
- L] . o, ‘\-\."l-. -\.1-.‘1- -'-?1-.1- -
T ' b " *‘-l‘ ‘-\.\\‘
'4* : : _|_'|I-"l \
- -
.‘_F : . "l-"'lllllI \“'-.
[ y 4+
o I R 0 \
a 3 -~ .‘H'I-‘-' 'q_
¥ LY +H"‘\ - W W - W W L
o ;A ,_,-._ﬂ-“f‘"" o o ‘: 3 .
3 L] L -
L) N L% \
S I G A JRIRRS Ly A \ ™
-i‘ \‘_ .: F‘L*\ : ‘_-.‘ -t ‘ : ‘\'
4 3 -
1 ' Hl‘ . L1
¥ to - 3
o -t = B ~ :: \ A
Il ey - - ¥ - : 3 b y
" -_— “.".._-._‘I. - *" \ " %
l.-ll — -l h ‘1' ‘A."ﬂ.'n.‘n.h.n.n.i'ﬁ. h
!'\I. L LA LA A LR AR LR LR ARl 1 'I..l'q. TME T ECE R E R CE R CE WL R R W, RN, CWLR WL W W, \\I.I.\h‘.‘.l\:hk‘.‘.‘l‘.‘.‘.‘"‘ ":."I.."l.."l.."l.."l.."l."l.."la. ‘h‘,l\ﬂttﬂ.‘i,ﬂ,ﬁ.tﬁ.iﬂ‘,mm-p..;-..‘-v..-q.;-n.-l.m\-\.\b\\\ﬁ.ﬁ.\m\\‘\mﬁ.‘\ﬁ:\.\‘1.,'1.,-.._'\-‘.,"i.,,'l.i‘i.."n..1..'g.,'n‘-i..‘.,,-...-‘-‘1.-‘..-,1..11.1.1..-‘1.,1..1..1.-“'."1"
: : N ' ) '*
r
: ' *q t : l'.,'l.\ \.\ * :
y . \ \
) A %y [ .
" h N . N : X
L LT ‘I..‘l."l-."'«.“ln.l‘II-."'I-."I-."I-.\‘ll-."Lllllllllllll‘-‘-‘u‘-‘-‘-‘-‘-‘-l‘ﬁ-"'I-JI-A-*l-ﬂ-1.'i-ﬂ.-.m'l-'l-.'l.'l.-'hﬁ-ﬂ.1.11.1.11.1.11.1.11.}11.1.1*\.1.1:‘Htmi.ﬁ.ﬁ.ﬁ.ﬁ.mﬁ.ﬂ-h."ﬁ.-uﬁ.'u'l.ﬁ.mmﬁ.i.q.i.:nﬁ.x-.-.x-u1.1.-.1.1.1.1.1.1.1. x-.-.-.-.-.-.-.-...-.-u-.'h'l-.'l-'h'l-.'b'l-.1-'l-'l-1-1+1a1-1-.1n-1r|-11-1.1.1~1-111-11\1\\1\11\\1\\1\\1\*
L4 --' L .
- vy l
‘-I‘I‘ \ "-"""""n"'ﬁ"-""""""'ﬁ""*"'ﬁ"‘# \
-
b} "'l._ ‘l' .
-IlI|I y + o
T L]
‘-I q‘-ll
q_ll-"' . 1-"
" L 2
T n, o
N e ., -
i‘t 5 ‘.: - -t 1.'."--1-. -y ™ N \
¥ - .
'L-.{.. ‘*i- i \ w.,.“ "y et ‘-\\
- R =y L] \ } _‘l
\ AN
1\1 ‘-“P"..!."-.".h."-.ﬁ.'\-‘. -
- =T vt R XN .
- -
- S,
- *-
. -
-L" X -.h.‘
- v
J_-"
. M
+* ) LY
[ ]
_"'
‘+"' ‘\\
-
'1: *E o ':_h n." R .
‘ ‘- -..‘\- _l--q- ------ '-‘F'-'-'-h'-'-“-"-'-"-'-""-'-"-'-a"-"-'F'H"-‘_#'H'!-\."-I‘-liihi-.i."l.'ﬁl.-n-.-ri."-l.-““‘ - m -
q,‘-.'- 'hhi- L ] “\ -..‘L .|j : by \\
w. & 4
‘...“ﬁ ~ J : : .
“l-._“_ N \ "'-
.p‘ M [ ] .
" "
4 o m ] b1
" - L
" LR 1 A \
-J. et 1.1_-..._‘ - i | Y .
: TR mww, o ‘;“‘ .: 'l,._
' 1 Y
F ]
] 1 N L}
11 | v 3 \
L] ] +*
5 L] ks t 1 N Y
i ml 1'1..‘} e b _“: ) ."h 1 : b '
™ o L L] \ L )
' L 3, ' I I
3 N, Y ' . : ' e
i e ) 1
: TR s e T h : - R
|_I-l--ll-_‘-I---I--illiu-nu‘lhiu‘ih-u‘t-ﬁi:i ‘qi‘b-ﬁh-l'l‘t“ﬁ"q.“ﬂ“-‘h-‘hl-‘-‘“1“1‘“‘1‘_‘.““‘“} ‘-‘“‘F‘
N '-I' T ' . -
- e )
} -.L‘ H“-\ -.'I'l.-.'-n.“' amt
* - 1
Ir.\“"-" .,_'-.'II'I--I-‘I- ‘l"‘""'“ - ‘\ i
.l
::'lllh'll'l.'ll"'-'-'\lli.lllll'\lh'lh-'\lh-h-"l'-"i.l-.'-lhh'l--h--l-'\-l'--l-lll-‘l-l‘l--l-‘l‘-l--litl".
b ]
. !
\ :
\ ;
\1 :1-
\
\ .
. ]
. L]
[
\\ g
" -ll.
'\..\'- *‘
s WF
‘-.‘ *l.
3 ]
" ‘q_l
‘\ ._*Jl‘
“ +F
o
u, .
'\-\‘ . ﬂ‘l
e o
u, L - -."-
- - L
‘-""1"1" e T -
hq-‘ -H Ln 4 ‘*i »
"'h--.: N Ay :: R ™,
Iy
h_ v NN
i, -~ :\.\1: % A
s
S,
R
4 .
I N ~a
I S R S
‘.': - *‘ E [N -
¥ y
- e e Y ‘l-.'ll
*
n
-+
wt®
-
N »- [ S =%
T * '
P ’ \ + L]
e h}"" <. " """l:-. \'\ \‘ o ¢"'*‘ : . k) .‘:'l
+ . ' " - \ :
+*’i it \ \\ A i \ ey Y A
. .-_'-I' *-T" \ . \I " = -t v t ll"'l-*‘ ﬂ\ l‘ q‘ . Y e S
S U N . Pt NN A 2N TR
A ' bl ot W v " =k - YAt ‘:" <t
""\-\..., . "-1." ‘_H_..i' \\ \ n ‘_\h..,\':-t “_“ .-‘_-.'1. \ . .\\l\k . .‘4- := ‘\‘ L I t.‘
o o : \f .= Ry \ s \\ b N y »
v ‘,"*‘r \\‘_\ ‘_.;" - \ . \ Lo A 5 4 ; -
R ' LN " -3 : voRe N ) \ e
._1,q_l- i H. + =T .‘-.' ~ " b _ﬂ'-'l" - H_ . ‘ 13 '-
- \ N f‘ l"-l- - * N \ _1}‘1- a 1 -H N\ -
\ o \\I'\ F'q. Ll ‘_‘_1- \ ] \ .3 h._i* : *. H :_ h ¥
- . .
> oy 4" K \ “.#-r hy * o
+ = - \ . % o
. ‘ - a™ ‘_11 \ \ .\'-‘_4 ‘ "i-
L] - - L] - ., ‘ . i
k L - Lo » - - N,
- ) " A B ) "
\\\{" . .__- Ly :._ \ \ \ - l:ﬁ - E -S\‘\ -\
+ L] ] - - o, 4 - L
ot ‘n.' *_-.: L \ 5 ~\ i ' 'fn\}
-F 'I'-"l l-l . 'l""-' .-‘-
- 4 - \ . ., L\-‘ - .
_'_l-" ._'I-" - a - \h +* ."'1.,‘
-+ =y L . At Y
e L ‘\.\ . \ . "..' > el :,‘ R
av o i -l
. o~ - . \lq }‘q_-l ‘_‘_-r‘ < \ . ‘}h“
- * ) - k - »
o - Sy \1 \\ o a0 \ :}r +
R ;H:. . N o oy LN =t
-t Y KN : w N .hr"t‘ by ll"G‘m' -t
- r -, . "\_ + e gy o L
.-l + ‘\.‘- _-_l-"_‘ o ‘i*
s . ‘\ \ : \ W ISl e by \:'* "
v |r - ! \\' .oy -l n L -
. N LG T \ N e a+*
l"‘ " " \ . \ “' . ‘l*'-‘x < u."' -
wt ™ \ \h - F AT : N - 4 -‘ 4'.‘-
‘_l \\ ) -\.\ “I- - - . - \ . \‘l '.1.'|- ‘-_ll
- . » ot " a4 \ - - -
\ - . \ N e A o o WO -
\!' 2 - e - ¥ \*} * e
ol -" - aw® ﬁ.‘ -t -7 - X \Q by \\ .‘ -t «* ...'\Il"
4 % artt A ol Pk \\ . \\ ot L -
-il. ;: i: :""“ ‘1."* ‘-h.'i-* . -t 1_-" .
i - - l."r \ L . ' e -
¥ - 1 , \- ol s - +';-|-
¥ 4 o 2 M - -
L | k] al i - L4 L
|"' +* v . \\ \.‘H“‘ ;1*‘ v 1-"‘ > - o
- . 3 [N Y L -
[ ‘_-i By . \\ - “l- ‘\ L) ‘\ - iy L]
* 4 - - - L] &
1-" 1-" \ \4 - 1-"*‘ ¥ * . + “1 L N
: *"I‘ R \‘“i ‘._1.. .‘4\. ‘\ N ‘q_n.‘ \ Lt - asle Maral
™ - [ -
i. - '*"t. \ K ‘._4 - ‘..i Y\ . - "H.‘ ™ -
N e o \ s \\ w art -’ s - e
: 4 NN N e N
3 ! hou . - o
: :‘.' \l : \l{ t""'. i"i' - il v,
I R T pmwmE T : ) L L o et 5
.‘ : ": ) q," 1-‘ . [ ""'"1-‘- - : \ n" + ._-n."" ._-|..“-I -.-.1'- I..:.
LI LA \ \ 4 o ¥ ot
Liw o Cwow o w \ q.-"‘ ut ™ .,_1"-' \
4 [ w* [l :
-I."bl al at -t W, . -, '.\
- - - ..‘ 1]
.. Ll \ «r o & L : Y
o - * ._-In-"‘ ._'I-*q‘ l‘- -.h'- *h'-. T "‘\ "h
“\ .- lr"'-.‘ *
- 2
. = " n o "1 .1..-\.: ™y
ik ST N oot N
\ - l.-' ¥ -L .ql -y -.
. o
., .
H"‘"'-..
M
5""—“-"- -
l-“"l. ol
&
1‘* . :
- - ‘. L]
ul
‘H"F“-':' LY 1_q ;\_"_?
\ L by ]
Ly "
N TN Rt >
B L T

Y

4



U.S. Patent May 30, 2023 Sheet 9 of 24 US 11,661,752 B2

A TR 5N
N
- iy, l:-h.- o,

e

-
.#..".- - Ill-." w*

AT
bru

L ] -
A
LT R -s o
NN ¥
- - ‘\-.‘-.‘\ -:.‘ e Nt
‘."ﬁ.ﬁ“
WAy
K _fh o,
- ';'II LR
N,
%
%
34 ':
 J “
Vg :
RO .
e T l"'i. 3
b I . L]
- [ ]
..z'h{i. . :
5 4
G 21 . \ :
e et % " l-'*\' v
vl Bwm I..L'n N : . ‘-i ,q-‘-ll ] X
L} N 1-\ +* ‘.1. 4 b
LY ' v 1 .
.\.' H\ : \ ‘1-"!‘ 'i" Ll'l = h‘q-q-‘--ql‘:q--“‘.:‘nq-h-h-r‘-ﬁ‘-‘-“‘-\\
L) + T L) - .
N - n » T r L]
"'. “\-.- ™ + ‘I-.. :“4 H“* anr - q; ::. :.
- . -—r
\ [ * - ‘ | ]
- ¥ B amt
Y s . e N N
R I *..q.-""" L P
\ -‘\.‘t L _,l-‘ Ty N
[ - \‘4" ‘_11“4‘ L L}
Ty ER 1&#"' N 1
- *-.-.." T . - “-q.ﬁll‘" iy ¥
LI R AT et N z
N +F b [] " 2t N 5
ul hll"'ﬂ-‘ "‘k “.'1.*.. o -.._--.'l'-‘" ] L]
P a - = [ A
% 1.“‘.I 14'.- Lt 1.-..'-""“‘ 5 L
\ ‘ht‘[‘_‘_‘b [ ke P - : r
-
(4 f}'ﬁ -'+ hlll -_.._-'l"" \ :I
N Ty 1 ww -k
a -l-'. - 11-"""1‘. \ ]
b P l“-"'l-..' - L] N
i eyt e e . "
N St __...--‘ - Y N
: h" 1-"—"" ) : .
L L L
: -i-"‘ ﬂ““h“““““ ‘H‘I .: . .
] 1_\-1-'"““*‘ : L] b ol "
Vo umasnnEEET ; Lty aa
A
'_'h‘-‘-“i- b
" 1 .

+||..1.1.1.1.1..1...1..1.-..,1.1..1.-.,......_....-........_......_....1......‘1.1.1.-51.“\11.11.-1.“11.11.1.\.‘1-.-.:-.,---.-.q.-u..--.--t-i-'-l-'h'l-“' AT YA E e e e e e e e e e e e A N L AT A L LA LA LA T AL LA LA LA R R R R R R R e ke ke R R R e e T e T T T T

1
R M MW W m m e, kWl
0

-i

'y

“F

r
‘_-I
= T T
Aok
L L A
awEm ww

e

-+
L 5

'\"ﬁ.'ﬁ." t"\ .'l -

g~ 4 ol e Yol & '::\‘\

v SR

" wowww v Wt \-
l"E."'n.*n-"



US 11,661,752 B2

Sheet 10 of 24

May 30, 2023

U.S. Patent

__.__...._._._1 »
ol

__.__.c.._“_

1[.-1.1...1-“
"a
"
+
4
|-1
| ]
"
-.-.-.
F
r revs
*
] .ﬁn‘ “
&
*
. ress
.‘. o ¥R ......-I....-.l...-.......-.! Sl .I.l..-_ I. : -
- il Y )
...__.....I........ ...._.. . - . o
-\....._-...._I. l-.-_l.l.#.-._ .i..-_.l.i F o e
‘e Yo
- .1... .r.r. 1.-. ...._..l.... .4.1...____. _‘.
- . r L
.-..1 [ Ll - .Il
T ......_.1-_. .-..1 i l
g '
- "
“”._. I[' ., ‘
E

...___. ol __”_
‘ -
. .._.__ *» LA r im o
1 LI o * .-L...._.
. ..- . ' ... s " LIRCH
L -___ 3 _J_..q L " T,
x_._-.__...-_ . - L .- ] L T

R " * _-__. L *y . .-.
- . . “r, 4
» - ..“__ _..._.- 3
; ]
[}
4
#
;
’

.m. \
. -. "
- 4 ...... “a .
rd *a L'y .__...1 "+
. . )
- L\\!.i.ll..i\.\.\t..ll.l....i..\.! " Te
T T, T
L .
s 4

« 7 .
. - L - .-‘
e ‘, <7 xx
L .-l. - T4 . ....____-..,.-... 11
. : F
.4.1.&. - ’

1]
P, K
e nfhw wn

S
L3
-

-
¥

_-.
-_l.l

‘\

RNk
......‘..\-...-I.
1.+ -

L
.‘. i
L . v = ! '
!\. - -‘ ‘1 L. Ii.u\ ‘“.
____ ' h “
4
v
A
f

ot

L)
e L C

il
. \\\ o
+ *
. £ T 4
] A EEE Py - .1..!..‘.‘..!..!..!..!.....& .-.1 -1
e . 1 L]

o -
\\\ ST 4 G
Lo» ' o ﬁr\\
a 1 .Il.-l.L_. -

eaamm L
-.‘-1"\'

L
“-...L-...l_..-... 1__“ ..l...-.-. ._-_...-_-‘..—....11....1..1..1...1. ..1...1..1...1...1..!..‘..‘...!..‘...]..' .. ‘L. ; -__. A
L ...._l__ U gl o o R e .‘..a_i.l..lnl..t. -n ._..-. n.a ﬂ “ .-......l..__. ....__....
- [ ._r. .-...-_ _-.-n Y ﬂ P
o ; WY Yy
r - 1 ! -_.._ 1‘. L] l.-_
.bt.L-..-. 1 .-.\ k‘*ﬁl‘*‘.‘““““‘*l.l .‘-...- 1}1 m.-. .s..i. .‘..-_ .ﬂ_
r Lﬂ.\ i % b_..._ * _..__ ___._-. f ____n "
- + [ »r
F ‘_.__.h...__u____ ’ L / #u __._.._ ﬂ __.._:_t -ﬂ
- A A d ¥ vy N 0
s \‘. . . + » P ___-h_. . b “
ﬂ........t..... 4 “__ \ +_..u -k prm .___._._ “_ ’ .
[ ] & L]
;tt ;-. 1.‘ “
*, 1 o - (]
et X P EEE LN ¥ .._._ﬂ___...._r..._.......... . )
’ . A
4 % /
1 u—. % [
v [
3 % ____“_
]
* .f_.....i..\.- .-__..___ v ﬂ
1 1 “ -
1__.1.._.1.1 ! 5 f “
o \u% %, ’ ’
XEL p s / 4
- - - ) vﬁ
ol T 3 ]
nh. .-_..-_.._-. \\u__\_ .-.J_ “. “
. * [}
7 T ; p
. . .-..-_.‘ [ “ mi
L o [
. [
.___H._..._F.._._ - \.\\ _.._..f.__... i ._r
£y \\. _._ h E
r : 4 !
o’ ¥ ’ f ‘
.-‘.-..-1.-..1 [ 1l l‘\\ .l" -ﬁ ﬂ
Y T4 ........u....\.._..m ...«_-..... “_ ’ &
/ ..r”._....-...._...u ’ 4 ._-_.
/ . ¢ / -
’ ¢ - ._..q
/ A A ! .y
._._ . ' ._1.._-.._-...-.
.
’ .-n,h...m ‘.t e /
. *
ALK e R
Fiy
L ++h

A
s .
_‘-..l...i.i Y
l.i..._....._.....__.- o ._. - ] F l___-
..-..rl.\ .m._..r..__. .”r.-.l. - ol ‘
) - .l..‘.....l L....-. “
R ey N il .-__-.-1 P
. + _.\



U.S. Patent May 30, 2023 Sheet 11 of 24 US 11,661,752 B2

oy
- g

n
P s e e

¥
Ay 'y

: .
L J: .
* L]
- -.. N
L
' . & :i:;
[ | : -
. ,.-l-"\.' - .l-'\
s
Ay . . Y L B
h-‘-‘-. ] L J T H h
.- _F'\“:l L \\'-"-‘.'i..' — -ﬂ-.“‘ u " T EL AL L
. -
11 "E " : ‘F:tnh':t:::““ Lol : bt “--nll‘lh:'" E i
L -~
* ol
". n
EAme aheah Bm l"_‘-“.““ “q"_““‘-‘l‘ -~ n o
il 6 9 s e . : " ¥
t“‘.“‘““.l-----l-““““" ] * ' ..-"'ll-
" o ' "
N -:.I-."l. = LY ._'lr'
1 T T T e e W, T, T T T A .t
' -
1 -

N ‘.."I.-"' g
i R L ML -
T - ﬂh“ﬁl“ﬁ“‘““mwww e T T T W K o
1]

mmwmwmn o e T T e BT T T e T T T T, Y

- .
“-\.1.\1.1-1..'-5# L R A S N LY. RS LY LR ) LY

B o R B '

Y4 !

. d - Y
e

L
™ - G T {
A TTTINTITN 2
rl-_.."i""' “

"4 d 4 A XrEammxawu T 'or

R SN

h K ‘E i‘-}“ +‘*‘ ‘H'

- e :n.. % ot Rt
Lot

:I :- -~ w "5.:;\-\.
vy Y \i R
N L ™
LR VA e
Y Ny e
v Ny . N
A X 1y -t J
L +* [ 5
L] X [ X L] x L] kS ‘_-q.""- '-l-""
‘3.,: - vy e L
P LA S y o oy - asd
.‘_':h L] ¥ N ¥ 3 ‘.4"' "I.
R ! \1 o . s e
'i‘: X L] L+ *_‘_1.. -
L 4
h
L]
iy

" -,
o " .
- w..":' -."::* ‘:P
el iy
G
“u" L J,;h H ,‘_‘H
PU R, & r
P S q.';-h Py
1:|.. '::L‘ ‘:;['.' -::b- ‘1' _-l-L
b L]
SIS AN .
"I ..é "‘ a '\‘ “‘!_{"-? *.b
a L L] Ilél.h n
l.t- ‘:‘ “\‘ '.. .;
-
111 ':. \ . "p\ .." -l..-
. ":" o, 1-'?» -
- e o
S W ¥
" ,.'!-h 1::.- - .': ..::. [
‘lt v - " ‘II
o ":;' "ﬁ} e S
- . 'Q‘ ] ":Il_ [l - - ..:i-
S Y e SR
‘-"' 1',:.. _1:5:'- *-' ‘_:' 'l ‘." o

. RO CRFEA
o é\ . .'.1:"":.. ‘.:ﬂ l:.. 1‘} i}":'-? Py
.'l‘ ‘l::.,. ;‘ e ; .l. ,;ﬁ-% "I‘ -"‘-‘ ii..
’ 'S“* & R, R
* ' - - . T
_\"’ I\"\q."‘ . & '\h i:" l.." i.' b“ -l"
- A R Sl
-: ‘;- 1':"" -"‘ "'::h'::.. ':’ -'-. .‘-
-.‘. tq ‘-"’n:' 1"'. ;."""hr"} 'i"'" o’ .'-‘
> ‘;!‘ > "l.‘.:h ‘*1 h“: -‘l.
" . - ‘u_"w-"'} s v
I‘ v n % n
- % ‘\l i‘t 1,"‘ q,"
o A T e il‘- SLINE
" "'ll,.'-1||L w* .b'. "":' “‘ ‘llﬂf-\.\ .i-" i"';h
S F TN

o S
< e 2 g
R i‘v L e
-~ k‘q}@ A b"'} 1': t': o

-

L"-. |..:.-.

¥
-." x £
‘ .._.p‘ o
[ ]
Y
T

5=
oS
(W



U.S. Patent May 30, 2023 Sheet 12 of 24 US 11,661,752 B2

L9
_._‘
-t
L 3
]
1-""*‘
.\,.'.
a2
L
-
.\.."-
.-:-
" \
- "
a™ ;
[
a
A
,.'l'
.
-
-
-
L 8
1"“*‘
ol
-
s
“-
-
¥
+'
)
¥
11-.""‘- xh\‘
*'-
L
-
.

"

! Y
N .\.-1.-

N
AT

.'_':.
[ ]
-y
FiL -l."'"
o
x,
Ll
i
S
Tl
.
.
3
-
"
.*q._#'\-
Y
L B}
‘h“*.‘.-
at * N
x i
-
L
T Y
w “*
*I-.' i‘b“—
1"‘* =T
-
" -
o -«
=* e
e’ "
- *
-_h-l" l-.""
" -t
.. )
- 5
at '
“.‘1 *-h“"
-
--"'."
ak
™~
at”
-
."-
‘i

_f"'-j -.-.Il'.ﬂ.hral:.r.r;,.lr_.p#

-

PL [
L‘\'\ I R \ \\
. » '_*q- : 1.' HH . \
‘H‘-H,\ *“.i"‘ : : t_-. . ‘."
. .
N - . AN
-l-'l----':‘ N X :41‘.-\ \1 H.i
¥ § r o \\ L
e, N "} ) )
*-'I' ) ] h Hl i : ‘
- : 1o LN ] i W
. n . k \ " R B i, "
N i : X A :: :
] h hy
'1.1. l. '
\"1{\- . e : ‘ : E 1‘ y q :
| S S T S S B
e I
& L OO N n
1‘{:-"1 : 3 : tl" :‘h X
o T :: Y : h"\
> PC Y b i' P
o h y . P =,
-~ - b \ | L S “'\
) X ‘I .1-"‘“\ ‘ -: -.1"‘.. i"
d A g ] % ,,l - I
Woad N e \‘\ :‘I| ] |‘+ "
- N Yy LY .r‘*‘
a § \ 5
Lo N L]
N
L
:\:“"

AR
=g 2
1‘.“-‘ -\."'hh I-\."h."b l"‘ln."‘

r -

WY P
YT 3
AL NRage s N



U.S. Patent May 30, 2023 Sheet 13 of 24 US 11,661,752 B2

L

wrlerw W

&
o ]

o
d i & A F & FF o+ F B

- ; +
ey’ e . I‘ -_-.I.'ll-'l-'l"-"“
+ P L 3
L]

R FFFF P FFFFFFFFFrFrr S rrrrl irdrr r "

L L A L e A L L e A o ot e e R o R e B o P o """
e N
fﬂ?l
F
1
r

L e o o I L ol I e I

L EIR '+ L - O OR 4 e o= owon - m R OEE AR At " LY i ettt ok 4

mn’ﬂ'ﬂ'--r--'---------i

| B I I IR I I N

A o o o L e .

L |
L
L]
n
L]
L |
"
'
-
[ ]

i i G o i i i o o o o o o o ol L o A A o o o g g gl e B T

- L3 iy
._'I.-" . *\

= ] ) 3
» Wy +-.|
- L ]

- .i +
- * + + :
. : 3 N
L] L} \. :
- : t i
- 1 .-l :
: : ! 3 .
. LY » .
: .'l .I .lll.lll .‘l"lil ok 'Ill"l'.‘li‘l"l.‘l.‘l "l' .‘l'.‘h.'l' ] ru l\.‘I

L§

-
o
h
L ]
|
"l
"
%
*
-

h T o
y ! #¢#“' u‘l*‘
i, y a* T
W b ' ':..i- e
L] [ | »
S
¥ .
S N
-t ._ [ ] 4 - .
et ~

s

Rk N K N T
b rr#r;ﬂ;;
_I'-r

N
.
.
iy
L J
o "
v -k N
o™
e ‘
% 1".'11' 1-"'-"
-
L 4 [ ]
- ™
- Y
wl B
h h
- -
- -
. * ™
- -
- st
™ a™
[ ] L
] e
- -
n, ‘?i'j *‘—‘i
L ‘-h“ 'q..""
LY F ¥
u '-"" i.-"
t o L
™ -
"--,.‘II ' »
- -
Fe ] E
= h
T -
™ m™
L L 3
L -
". -ﬁ.
| ] m [ ]
'
] -
F »
+'q..‘- \“:. ._._ﬂ.-l-
- Ny -
b ] *
- nT
L i o
L ]
a* &
- -
- L 3
»t -t
- -
- -
h -
- [
- -+
r »"
] h ]
- -
- -- -..'_‘.
- P
=
=
»
ar
-
™
[
-
[ 5
- ™
T
[



U.S. Patent May 30, 2023 Sheet 14 of 24 US 11,661,752 B2

e
-
o
a
N
Y,
L
M,
S
.
Al
. l'\-\._ q H
b A
L (W \ml‘
[ - ‘-‘““".‘.‘.‘.‘.‘. -
. Caes pmmAn A e, T WP Ny g
1*“ I AR A A L e vy “h‘l“"—‘-‘
_'_‘. ...'I-"" % 1 Y iy e -y
Pl e T X Y ol
L Il Y o
L i T it o,
| e
a -
. T .
; ™ \
} \\
3 k
\ et -
:: e
: -u.'l'"'* \ n:;
-.l.'l". -
: ™ T ‘H.ll h
[ h
.._-1"' L 1:. { :
R e : 1
L T ,'-" o : '|
L hwmw L )
i '
i "
! L |
i e
1Y - P
H “""a" L Y ‘ ‘
:|:. EI' e o w q_-..._: . : .:
L BN - - % " »
v bl- - . :, N, AR, "'*"*"‘-: [} : £ lb“'l "y
N IR RERR AR R W hy Ny R
y g + h 3 LR L E RS, . " NheL vy
L b L H R N -.."._ - '\- ' mwm
. : N e e ey ______: i & : : s
. - T -
""‘""“.'I.'-‘q.'l-.‘lb“* ‘\ “‘-‘1“‘ : N :.L‘ AR R e z bl l+'i
o T " \f'"""""""' LR KL h :: Y P ar
' N N [ L] 3t
.:: : : \""‘I-'ll- W W M ey "I| : Y -l"
k : :. : E N \“"‘ ""-“*ﬂ-.-ui-'+'
Y Wy
w h
Y i L L]
M W h N LY
" yh ) i3
| [ i \ e
R N L) "
" WA \ "
L] y -" ] .-. &
; 1 ~ i
y N h \ § & AN
N VA ¥ N Ly LA
': A v t '{ .,1-.'»"‘""'-II !I . .-..\q.
: ¥ i '\
"h y -
"“L‘."""-‘ Rp— h h k *
‘,'l - - \\' o : : = bl -‘u-
N ] NN 1
" b N ]
i\‘ ‘; :‘\ ':‘ .h.*- : T e e T A, b .
LR B s $O Ay ™ ' ¥
ek TP, P s ; : W \ \ !
wr - r
"‘“'l-,._ :t:i = o L ST .,___,: : :. “‘-"..I : :l' :' *“‘ﬂ-"-‘!ﬂ:':h =R ‘-““‘."M
- L o
T - N WY v *
hq" - M : t " ot **_-\ N Wi _a-' ;I \." \.“
;": vy b ay =" ¥ % L A - g ) iy \'q_
F T SO Sl S R o
. R - -
'y it W ~ ‘?:::;-::;}:1:‘:- * 4 - v {u - J *l‘ )
*"" - Ny, -y * “"‘i" i' 4 T -, ‘ : . ol Y
5 - o NERimnasd .
f .l' '!.-._‘-..5‘._ at . Fag L g gy g :“;_":: . '\ ] - | -li
b * . P I T T * y
s R ':"*"-.1."-: o 3 L ! & >
Sy .+ : an® R R R - », L .l-"- * ‘:- u‘-:"l- -.'E.-l i..l."- : +‘
;-" x a ': “"t : : ﬂ‘ﬂ Thmmmmmm R i‘i \-"t
iy " + - ) "
i.l"+ TR o 1..-'1'* :. : L {"“ 'I-"'i-_l-.h"w.l R AR Bl K : ¥
o - i' T A " A o ""\-1\ » N
* h o R A, :\\_‘_ ) " ; L
* L] + ‘!. AR .. -y, +‘- ‘ .:' L :
“ '] L} ¥ o "‘-‘ L R ." " [} L] I
"lr : *f‘ e R . N\ 1:- X K
h\ qh i.* : ‘. .-* - [ e T Ty By B o Y ‘-"!.."!..1..“-‘ - {..1\,-__‘-‘“‘“ "+ ._*
e,y .‘ A ‘ L h. - t“k‘l"."."ﬁ. h'
11‘1‘.‘“““‘*‘ :. : J." ¥ ."
- : v S
Hﬂ" Ly, 'E-n-" "Iﬁ ."ll t‘
- LR T T -~ - k L
Tt o w T L | kl :
K L *i
ettt T % T e a “_‘_‘t‘.



U.S. Patent May 30, 2023 Sheet 15 of 24 US 11,661,752 B2

“-.__-I- e A e Tt T T, WL WL WS
; T R TR R -
: \ *‘-_‘_ TR R R S e T e e e e e
: \\ 't ; \\ i-l-""-“"“““““"
‘ 1. ; \ ; N
2 \1*“"\““‘\““ . : : ‘l ‘F‘ h
I: ¢ \‘ :‘l‘ Ty T T Ty g Ty T g Ty g T T T T T T T T e T T T e mEm w !:_ : *1} i
: : ‘ N “\.‘\ .;,_1.-.-.1.-.1._11._‘_11‘_-._ 1.'I :
3 & t :: t b \ ‘
N A h v : h ‘
Y L} ! ‘ | 1
L h : . ) N
‘ i \ h : : Y N
B '.: | : . N
Yo ‘ " : 5
\, 3
B . \ : Vo
Py \ K LY v Yo
{' L . § b1 i - =t i "
AU T AN T I P
“-h i : \ ‘I"h_ h b T W +* ] \
¥ e Yoo Y3y — o
q k l'}-q.l:'- -rh.'\- \. ‘
: ) T EmEEEEEEEEE R i ‘
S : . \ ‘
y 4 h ‘
.\ B A
\ . o
N
N : ': f " e e e e e e e T e e e e M e e e T e T e i T e e e e T - t :
x T T - T oy T OEE OETE W W R W W
‘l-'l-u:h - {- R e L L = hl:l' : 1
N k \ 1. |
. M EAAMTEATAEATEAREARLET S e ey - .‘ ;
L | L) v :. ? WOE N R W om ol WL T TR TR TR L TR TR TR TR TR TR TR TR TR WL .': b .
. h ‘ ; : e o A
B Lod P
L | h' N ﬂ:.l-. o 1. ‘
. N q"'h':{ K 3 : ‘
y A LGN dd P
y e 1 : .. ‘
q h ; ; s \
: : # -\. hy e e . \
y k iy - N - RS, . .
: : : . e F s \ . N
. : : \ \i._l- Py k ' %
N y b v & ! v \ : ‘
; : . " “I‘ - [ ] I.| L] \
; : :'l y - \ h \ " : ::
: "
P : A ; * P
y \ \ :
A o :
DN A 3 : : B
N -|- ‘51.1.1-.1.5.11-.1.1.""‘*- & "1. :\ ‘ \ - t
: ‘. :; t‘_t ‘: LR B R BB L RE LR EERETR®SRNET.EH}N.] "‘\ : *
Y ¥ N & N mrnmrnunrt b :\ . 4
.Lq : -T‘. \ : t "‘“"‘“““‘ﬁ*\ 'ﬁ
K“‘“"#*“nt‘tt“i*‘“ *: }.l\ ':i | \ ;:
; -‘k‘ J‘ L b
: TIZTZ111I111ITEAA A A AAA LA * ';:-.l
: mamauul \\\. "t
+. lh.tltth.tth.ttlth.l‘“
hy b ;
S i
w b
‘hlht‘li‘
"'qs“._“c‘ . .ln‘\:‘ l‘_h."q.:‘
R I
. L W S e
iy o
S ke
I.--'\--.'l--l-""."ll"ql.w.h.".‘l...I .
l‘tl".l‘_.‘h-“‘. 1‘:
1.-11-1--&.1.-"-‘-1-"""- l
-i-.--'-l..'l"""-- \
;..‘ll---l..l-"‘“_ .{
wh X
LY |
L] \
R :
ﬂ .
W \
A \
W™ \
h :.
W
' 3
We :
L)) ‘
W ‘
LN .
X H
Wt ;
A\ ‘
14 . ‘
L - 3
."‘ -, '.ll
A ‘
't \
Lk ‘.
W i
W 1
o 3
'i."'l" ‘
‘ !
. \
1::"'- A ‘r‘h‘»““ﬁ‘"“‘h‘-‘hﬂ‘ - .i
ATy 1 R S LS BRI :
- S, ST T et e \
. \‘ ““‘-‘q -‘_}_ﬁ"-“ .‘ N
\it ke x P ." . l‘.‘“.ﬁ-‘-l
L ~ iy » » aanrrnl s AT
\ - 1 “‘t.‘.‘_.‘b‘i"‘l ] -.n-“l.i-'-u.l-lhln.'l
!.'. ‘W.&“‘:{ -t l*w ql"‘“i l“""’h‘i"““‘"i-“t -hi“l“
\ 1‘.‘."-‘ -'* - L N l-.'l-'h,'*‘ -'-‘l-‘.‘*-‘.."‘; W=
\ e SR R e
"ih. .‘“‘.“‘-“ L-."‘\-‘I- anw i
o - L i - e "~"‘''-::'l."l“‘".l."-'i"hll .t .
ﬁ- . LERRETL N amanI R i
. * “""1‘ ’
‘-" » -..-:-: o e ':‘
'g,-h.'h\“?“""- -‘-h‘-""‘-'!-..-n.q..
._.1-"-"':-"' """-“ltlnnnnnntﬁl-“““
.ll
L
-
L J
. ¢
L]
[}
[ ]
y
‘
] ;
4
; L]
¥ -,
; * .
: {
.'
]
: §
‘l :‘i e
‘ f
i
| §
L]
&
. ;
L]
; L)
; v
: L]
‘ L]
. ]
f L]
; | ]
1 L |
.l H
‘ L
. +
; ]
r b -._1..1-“"““
.‘ ; *h"'ﬁ“““‘w“
] L - ™ . At
y . ,_‘_‘.'l.*l““ _.1.4-;-“"““.“
: . _,_.,,.._-.41"1-"""‘*“‘ _‘x&l“'*l“‘
. “rt‘-“uﬁ‘.". ..-"1.11‘\1-\1-";'\-"
1-1.-1-1-- e . m\nt\\-*"""t
T

g x oy om



U.S. Patent May 30, 2023 Sheet 16 of 24 US 11,661,752 B2

RSl apan AR WA N e e e e e
q._.i- I|-.._||_-|-."I--"-
L
el
*1?
3
L |
\
iy R LY
:: :"‘\ ‘: ‘_1-* \ %
“ L oy
; A4
% Ah
L] Wh
, '
*
: th
N 'k
y '
: 1 't
K\ 1""‘" - e " "Ny
': ¥ :.1-"'..1-\1 - 1..'.."'-.1-\": ."q.. : ::
\ R RRASSE: N ~ e K
L % . il bl b PP, 4
ﬁw“h‘h"“‘,_“* \ -h :I-ﬂ._q_-h-\-‘-‘““ \\ ﬁh h‘
bq.-.."l-..‘ln.‘l-u L1 LR X1 'v-’l,_dt . H':.k " b-‘
" ."'u \x-.m'-'uq‘-.,‘_‘i 3 ) e ~
: : X A
B 3! -
: : $ = AL
5 l:: ) :- '\-1'!""
: W : B A
q“ "\ t":'- t"\?"' ‘ h‘ i 'h-‘
o T . T wh \ Wi
1 e I ' ) N WY
Nk ek et N sman X w \ .
e 3 Y %)
. tmh“"\"":‘- * "ﬂ:
L ‘i "“"'I\.\_ ,‘-i.'l..'l.\“ :h
: Ay B WP N
‘I‘-l."i.'\i.'!.. i ww gy "'\-\.1\ =: ": .|- ., .';-h ::
a . Tamrmamag Y0 s
& ™ N 4 N 1A
5 wr \ N S5 A h e L
;:'r 'h*-.nn-...,:: *E:: .," D n.: ﬂ" 1:"'&,
. i ‘ ‘.' 1-1 b " " [ ] L] \
Ty b - - 1 ] . o i
1.:: ": :'! ‘41-" *41;" 1 J : .Elﬂ-. T g ;
% e ST TR " S
.n‘_ v ‘Ixh‘m::‘ '."‘ b :h'_:":'r_;'h;h" [ . \.__q ;‘ -i-
o R AR K
o . -t L S | ) o] [ i
n* L " - A T T, b .
151- ‘.‘:-L"I. R ‘_‘1\ : " ..E‘*_q.i- N : :. :: 3 5
" " 3
:t* i*‘ t ] ‘ 4.‘ h' -l‘-;: l.""“'"“‘"'l-‘.“‘_‘ﬁ.‘ l.":.h: 'I.-':-:::: :':-:. :‘ l.-h
¥ - e
q:tﬁ"u-.n. o S 1-1‘* n {‘ » . 1“ ‘-' 1 oy ‘q." .1*
Ty 5 T N By h L]
,F : ‘*_ T Ty 1_: -.-.-:,,."-...-.. - -:‘ L R ‘1-‘_‘;,," L] : .:'. :r
" -
.‘l- :. “4 : *‘q : : _L.,-L'-l- L. 1111\-113113‘.““‘1“*1‘* '.h
\ ; 3 : .
R o - Y 1 ] : My : t+- "1. -l-‘1I
- L]
- ‘- L 5 P "
l-#.‘ - . " “"‘“““l‘““ ,H_ ':" ."L' l-‘
L E
J-f‘i‘ 'l"ﬁ, ‘-1:"‘ TR et
,;n.--n. LAY ".l :f
b ""1." R LI T » .
"-‘_‘. i % Ir: h“‘ : t‘} Lt i -q - .
“h I‘I "hl‘ Ihl * -‘i : :
b"'t“' 1A LMY
-\.-‘1..1.'. h'_"- ._"‘ y
) N
H-‘--.‘l ~ 1“"'-\_‘ - N
T Lo
-hn " *:h L Byl ot v
-
N =y . ~
R
NN T
Yt ale e wa
1
[ ]
]
]
*Filllllllillﬂlwii—ﬂ\ *.h'l.“.'l.'I.'I.'I.'I.'I.'I.".'I.".I.I“Illl“l“lfllxH- .‘ﬁlllllllllll"-‘-“‘-‘.\
P ."‘ . 3 1
* N N i '
N LY - L] . ¥ x
N 1 :: P i‘ S
L] L]
: \\*‘II‘IIIIIIIIIIII I-: :*l‘_-q..l-.-.l-.l-.l-.l-.l-.llllqlll“llllqm‘l.'h“l‘. . .‘ : i‘-‘““““““t **l- :
3 "'\\ ‘ ' . 8.4 "\.l \
& 1, ¥
Yo \ : i S N ; i
. * a. . . n \
\ 5 . : 3 - " \ "
4 N y 'y ! . y . :
L | ) r - & ]
h % | - L] y % "
YA 3 n A oo . y
\ 5 ) : N Yoo . | ) y
3 % " A . . : Y y
N \ . \ 3 . v N
* ) " " '
: :: 1‘ ;l. : n."'.. h L] b ]
i & . o -‘ N ‘Ji : ':
[ ] L |
: 1‘: \ ~+ i N o N .
Y & Ty R R R R R R RR R - N : ‘.‘,".lﬁ.".".'ﬁ.".",".".".".".“- :. ':
- o b
v v ' pe Voo
b v TV Yoo
S v o S
N N y \ A
\ A h. b . .
: t by : N N
NN . el : . N
h h #.-‘ll-"--'ln-----‘ln-"-- 11111 N TN TN N N E SR T E S TE AT R T TF R F R R ESTThE TR AR E s A s e . -'h-h--h---h--'-----------------------.HH-H-I!FI!I!FI.!III.!I‘._-\. ‘ ‘
h k 3 Y v \
\ oo oo
\ " - h' ﬁ"-"‘-"‘-““‘-“ " : :
,‘_‘,I'I.-‘\h““l:‘ ‘\ : N e
1.“-'*‘ : ; |t"- -'l : :
o y N ""'h'lnl--ltll-llllllllll-l-llll-lllll'l'l'l'l'l'l'lllm'l'l'l'll!ul'l'l'l'l'l|.l!;n11-.1"1.-\1-.11..1.1.1..1.1.1..1.1.1111111..1.1.1..1.1.1..1.1.1..1.1.1..1.1.11111111111111111111" L x
[ N y - . . ] ]
A L] A 1 1 [
Pk % T | L l: b I..- -I‘ : :
ST L - S L
: e Y \ C . ' " ot . .
'\.ﬂ.'l '1.\\.-\. [ e N "l-‘\Hl -" " ¥ ¥ L] L] l‘ "‘ ] E |
b, N . ’ .-"w-." [N N N " "
S WA Sahahch Vool
'y y kg oa b " 1
b L T I L !
" L] :' " ] L
\ \ ‘1--‘.‘.1‘.11.1‘.11.‘.11..111‘* Iy L .‘_'qn.'q.mﬂ..‘,'-p‘.‘,ﬁ.‘imm‘,m\ ¥ 1
. \ & \ a » o " L
A N o x \ - ] 5
N \ . LY - . , \ . "
L] : E "": |: Lt 3 : X : :
y N N A\ D ,;‘\\ \ b v y
]
5 \ LY i W - .. . ' L 5
& ) . y L iy " . . y
N Y : } T - 5 y :' :
L L1 [}

\ \ . \ \ . '1: . b
vy : N N N, P
¥ ¥ |

N . g
: ‘b\‘\.‘-n.m‘.‘.‘.l-.n.‘.'-.i.-.-.-.l‘b' : :\‘-1.1.1.1.1.1.1.1.1.1. T " e e l-k"}“’ e ee b= 1.4."*:- : --"'I-' --yemEmE oy N ‘-‘_"\h‘ :
[ "y Y 5 ’
N i \ &
N N Y Y y " N
¥ § y L}
h ;

-,

\, ™\ E N

-
B e e Tl e e Tl T Pl i‘-‘“ﬁii‘hi““h\"ﬁ'ﬁ‘-'ﬁ“i

\

b

\.‘:\
-
W W R W ey W W ey W N, o e m w W B i T Ty

':..1. ‘.‘: Pl Y
Mo

I"‘\ : ‘:'1-\

."'.1.-* 'l.'i.' "h‘l* 1.“.



US 11,661,752 B2

U.S. Paten May 30, 2023 Sheet 17 of 24

==tk
1'-.'-1"".-‘ "
‘.1.-*""
e T n
-k n
~ &A™
e L
f =" .
P »
ammEs"
'ﬁ-q"“"h.i“-‘ ‘:
-
h..m-l--'-"'-""ﬂﬂ .'!.?H N
.-‘_.‘*‘-""" ‘. \1
.-"'-"'-'*‘ b I:." ‘
L3 - l"‘"'m‘-‘ l:t \.
P T T
RN L . \
"!""‘-‘-‘-. - l:.":‘ Y
& L, '
-:1. ‘:‘:‘ 1
n
wh " b
5 .'\."'l X
* . \
\1 W .
-
M " 4
W b \
'l.h" .'ll:.\l %
W L L)
WX .:‘.,. W
W W A \
T
" Wt b \,
Wt a L
.'l"'ﬁ LT
¥ ¥ Wy L)
."I. L} '."_. Y\
L |
W 1""'. .,
|"l - 5 . 1'-
\ el .
[
W ‘t,;‘ \&
‘
% N
W RN :
"
L] " nRm R N
.'||. tqt\tﬂi.‘::}}:' - w R T Yy \"\. '|~
o = t‘\'h:‘_"“‘:-i.t*“"'“‘h:' iy
".,\' -« ‘.‘ih‘\-.l""t: - T l|1. . “I'l"".'::‘:l.l".?
% Xt . .
b Anman e AxRT ; - N i 'E
‘.‘“"“.ﬁ. anhs ™Y ‘..1.1.'* A=Y
.I!:n. -L“l‘tﬁml“-i‘“““i“ L] AamE= ) ‘\ ‘Hh“w 11111"-“::.:"""'1“‘-‘ ..
e - L1 [ i [ ] - L:.‘_'-.'I"- -
*"’1 al ‘! aamAw™TF E ] \ﬂi \ ] * L PR | X
{1 3 ey i Wt s
] L
L] t".i N ‘1-.‘-""*
. “.". - - 1
= R eeaIIATIR Y !
e T ] $
II'.': ‘,gtt**'.‘::::utnl“‘i‘- "
A - S il b -
1 . e B RF - h
1"\ e O by P a
N LI IL'I-"'"“ - ¥
by + ™ e
e
'? “"'"“ 1 |
>
l-i-“'“-‘ t
L
. i
‘ll 3
Ll

i.._._,i!.
n
[
)
'h
T
-l".-__,q_ »
""'-l".-r
[ ]
T
¥
d
]
1
¥
4
1
5
L}
'3
| }
| ]
.{.-.*.':h
-y
.-".i.-'-d"'_r'." _!.-W
Ty
’
)
’
RiLE T

Y
r
Ny L
h N
: mm
§
T o
' +
!
L) r\..
" .
" L]
& N
' %
, "
]
"
> y
N F
* AM=™
‘: % 1.1-1-'\-“"1-\“-‘ ‘5
[ ] .. ‘t‘-‘"‘# P -
‘. y ‘.\_11““-1# .‘_u.-‘""l-"h"‘“\'
+ L B ]
. ' 1.--\.-11‘*""-“ \.'\.-n.'l-\-‘u"""‘."
*. : -‘_1.1.'\.“-““ -1‘5"““-
- -
: I.,l"l."‘l*"-"" l'.,‘_‘,-."h"\'*‘q' -
N ..‘““1-1.1- :r ““‘l-\.‘\.'\r
1 MW B R L
" .ﬂ.-‘h"*""""lh -t wul BT
anwt™ P
n Ll L]
r R it
» S Tl = Y
[ 1 ‘1..,___41.'\-._-.11' -‘-..-..‘l-..'l"“""'-'.
* L -m =™
s L 8
=7F e
-
b R
i
ql,‘_.\.q.,i."h
Lﬁ“": N *‘_} *?"-H
L I .
i - %y AN
NN % TN
U . I W .

gty TN ™
. {1‘- - 1111
§ R
LN ] - - ‘ q
‘_ » J ﬂ h 'I\ ‘_ - * k
1y ‘I-\'t ."I s o L
’ q ‘ N s -y 111“-"111 "+..:!;L ::t;.
" & N o .

8 "lli -!h.- g "N E +-:_-" .#ﬁ ‘QM

R i i

] L -

H_ - q. kg 'l‘

» t“mﬁk};}‘h !

b e N gy .

) T

- § r

8 IR

N I

) AL

X IR \“x. :

'J_"E ,fI 7
"

"'IIJ'

™
’
i
o -'.-'
e,
-
‘
-
’
[ ]
/
4
i
,.f”.,r._
#
-
N Ty

-"'t;}.;.ki

r
|
.
o

P
[

IEF-
‘.

L
- T
-'l'*‘.'-
500
l'h."l'* "1" l\..:.-h.' -\.-.L
" ¥ Y
Ny :‘\'-, Y
L LWL
.' “ ] LW | W]
{ ; s : "“ "--..HL_‘__“ \*\ -{‘:-r-\ 4 .
g A ] ] . ™ —— E L e T ) il
¥ h sy P b
"’\.- LY : :'l" E ."I'h“ ;, o l'h_r S
\ oY N ]
i - . ) 1 i T
e | v 3oy T - S LR
-.._-‘I N - g 4 - _i.: T e e *i
e *u vl :Ii y 4 Y 1 WA
tat e “"". l-i'+ N ¥ : i W h
- N K % 4 ‘EHI. h
o ] P § % 1
.h__h‘_-.“ . : t ': : q hi'l .
-,q-.-'l. = "'ﬁh_.ﬁ.{ q I : '."l :
-l - - .—-;-l." s _ .'
TN I S A g R F
LWL WL N R 3 ¥
a :II .':' e Y | ¥ ',:I
< B - i ¥
L I - B Lk N ¥
05 ZE SR L N
o1 O
S SR ooy
o T
o - l',::z : : :: ::: ‘h :
o - Y\ o A 3] a ¥
il t"\"‘ - -’ h ; t t tt :'\. :I.
I F L B o N R .y A -
"h:} E'I..i.'.‘ :.hi-"'. r'+'- I'a 1 : !' == ; ‘-;:-‘“‘- ""*"ﬁl-. - ""L :..‘: -‘-:. l-‘:.
+‘P‘ HI \ k E :': * \ T T . ’ +-|. 4:‘.
‘-.I. - = - \ \ \I " . . i ‘ '.'l-.'-l- i -t-.q.. L-—u
Lot ) S T S i N4
Sab b oA S I ] b v
..h.".. “n."‘. S T 'b. L L 1 H [
- o8
ROy S T
S ¥ ) .
¥ A b1 'y N "
i Y oA . LY ) :
\h o i iy 'h '
OO T T i .
y o 3 ¥
AR w8
:II‘ y v g ; E %, y
. o
L ’l . ‘ Hll-\. * ‘
o) Wy
2SI by -
IR WoooN t
¥y 'y v N X
T A LI
Iy &
I R
¢ i) W\ \ )
] L
RN “\ S
- ) * =
LA W \
+
3

’~
’
[ A
o
k!
A~
’
[
d
*



US 11,661,752 B2

Sheet 18 of 24

May 30, 2023

U.S. Patent

£

L .
‘t““....__.ﬁ “ m._ ...1..._-.
—L ‘.1... - r L ]
‘"t - ......;.“
f 5 S
1.‘.. a4 ﬁ.lhl-.h

“.lﬂ.w J m__._ .\.\\ beut A
™) X N -~
todls .......:.____..
n..u..--m . -
e %
__rt.n... .
H..l..‘.r..- G 1...!.1.._-...1“.._1.... .__...l.-__.'..

o,
Frre s ww "

wor P
L

F
R O ot

\\ih..ili\ll..l..l‘.l.i..\..i.\\-tﬁ.l!\-‘nm\l"
-

L}

o sl

&

*apt

Ly
* - o
y ¥
ﬁm \\H\Hﬁh\\ﬁ\\\\\.ﬂ\\\\\\k il

o

- -
g N o e
..‘.1 .l..l...i._l..l.'

Ay

3
- Hh’lﬂ.l--"--_-"‘.llhi'l"""
L
"'
i',".
'I-if ‘_'i
o
+
\
T
L 1
%
¥,
%
L
Y
i
L
\
h !
N
R
H
L]

[
')
y
. l..li..—.f .“._
- T
Ll 4 om ol b
1 +
o ol w L .l...l.l... “ w
: - s ..._..__-L.__#.Jt..# -
. iy 1“...-. Tt o
\ﬁuﬂcﬂ\ ol g .___rrﬂﬂ.. un_..u ; i, _l\.._
il I o o o ) -
H..‘..l..ll..ll..‘..-'.ll.ll‘. - L...ﬂ.-‘ . In‘.._-l n“‘.ﬁ“.h.”ﬁ.‘.ﬁ ] -.‘.I
4

1 ey

. { 15
¢.:' R N
e
gt "
SRR
RSN
\\&\\\\'l:,t‘t I}
oy
ST
"
N
\
Y
W,

4
]
\.
~
nmas::a::‘ s
‘- ..l..-.l Il-.lllll'. .‘

i bl Ty, " 'y .-....h .I.r...ll...-..-.l. ’

.l.-. i..!_-..l.l....!._-.i.“.-.__.vﬂ..vl_-. _ll_l.lh___ “ﬂ ...-_- ﬂ_.r ..n.l_._hkr.\_...l-.

ﬁ . L - -l “‘ L

]
] ' d
‘..l. 5.‘\ '-.1. i.“. .-I »
[ - w ] L
NS 7 ¥ :
5. Bt 11 -ﬂ -\-\.-mht\\\ﬂ!i\\.\ 4 .

F

e AR -‘__-.l.._-l..._-...-. 1.ll.-...l..I.l.\...l...1..1...__...l..1 ..1.1..1...1. .t._.-. - - __-..l‘ F ) ._ﬁ.h‘_..‘..-.
-,
"
.ﬂ.\?!al.lhi.!.l.ll...:\\h&\tﬂl-h- Ik i .ﬂ__.

L
h
b}

Pt o R

. -_.._..-.-....l. ¥ o v
.1.7.-__.1 i m-.» " * ._....-...-.lll.l..n.-....lt.__..“.— Y ' , &- _._.." .
.l_l- + + ] ek Al ] d - F l.l.l.l...i-....-.\...-...l..\.l.l.l.l.‘.i.l_.ﬂ-..l‘
g - Fl - - [ ¥ + . -
A o ' =" L] " e - il W ! ¥ - .“._ .._....l_...-..._.-_. 14
r .-l ll.-__ll...l_“l-. x .I.-H..‘. l' 4 _‘! ] ...-..l.-_..._-h. xmii.l.l.l.l.lwl.lu.\-_.hn\_.t-..\-!-!.l.n\‘
: r Fany lx\..lll.l.l.l.l.t__...\.l.l.l. . .__.-_-_ ___..- -_- K .-_“._-._.l tepn | v \.1...1\....!-_1.._.....-_.!. oo - o'
_-l l- .I.-.l. [ ...1 _-.- ..l-p.I...I...I‘. 2 .-r .l...-_.._..ﬂ..l-. i - u.i .._..._..l.l...l.l...\..\.......l.I..I..!‘.Lr.\q..‘..\..\..\.\.\.\nl“nl‘\.\.\.‘ .l-.___..l..l......‘-. el e e e 1.\-.
. , I\.l_ .h . . .1 n " P L R .‘.- .I.-I...l...-.i.l.-!.\..\ ‘ull..‘.r
. - *am -h____.- - .._._.-_.-..L._. gt oy .1 r . \\‘lp+i.._.l.q.__..-...__...._.__..1.l.l...\..-l.......\.#.».ﬁl.ll.l.lll.\..\.l \..q\.l....ﬂt....l”-
’ - M.._._.. o . e ‘ A o
L " r \.l. ll'Ml-(.il . . e Fl .__\‘ . -
* [ .1 T " ] + ar
’ v -t s ” / ! madta e ) u..___.lll._._v_t.._._i._._.r_.r_._._.r_.r_w_: : .._.._-i.iunl.lll..rl.l
l-. - o “ -__-. -1....].‘ L .-l l“ -l . ko - oF g T
F] ¢ N - o . . L] -
...-. _“ £ l..1. ..ll..l..._..-.. i 1 i y . - h.l .\!%.Ilhl..t..l..v\ nl--_.IH.
u l. b -, e - ] r1
.. u __-_ _“_ __..._q 4 Al ..- ok ' +
u_.._q..\.- " 4 d *x * ™ - -ur
e * ’ y i 4 . ..
- nl .i“..l.....l“...! l- ﬁ. ‘ -l-.& ‘-.‘.‘.- i___ .—4.-_
& [ ] - -
i T - . ok & o s 8
L o in d L.. h.h L .-.-..
F o -
lt.l...-..._..._ . i i....Hl..h.-..-_ “ Mi.-. N " -_..r
ﬁ.l.‘..th. Y » [] T ' [}
- - P r oy uxl__. .l.- oo 1‘ .l...ll.....-.ﬂ L .;.-
i 1‘ - *ar i . -~ > - [ -_.-. .__._.
b i g » = -
i . t - kb, o .__I._-ﬁ " L Ap—
tala ! *a i =Mt ) " '
r._lum.l “ L) 4 i“‘-.‘_ Y 4l
oy _."-__\,—l-..,__ " -, ’ ‘.._..._.-
i \.\- » o ‘aa -
L - m. d
F ._.v.\ O T
-.Il_.q .L- - - __.- [] .i_. .-i.ill-
.._.._._- .'. ﬂu- - P ._\...._..
* A +o A
g
.l.‘..ln.
T
wa A

3



U.S. Patent

+
¥

R

May 30, 2023

".'-.
h“: .‘Es'.‘\ “. : 'I-'I'I.““",'I-‘-‘".
1‘:\\' -t ‘l:'lh =

-q-.-h.,; W :ﬁ *ri‘q.{
R e I e v
N } N\ ':‘;:“':l_ :"
AN e Nl
wet
..'I-"‘-..‘
"‘:IT
.;b““' ., 1“.‘
- ']
_‘_."-l : “""\.ﬁ- ‘-.- I‘
H‘\I-.. _-_,lll-"'- t ":..-._"._‘l..* t
| e S .
h \
~ :
‘ \ :
\ A ‘E :‘E 5’3{ _,‘)
\ ? N ' . s e
k .-
* 1 d
h [] .l..._._.q-"-
-.= : : : ﬁ‘:.:_-E'i'h".t'h‘l
el N L R :'tr" Ay '
N 4 ¥ 4
SOEZ2 | 3 }
bt S P Vs 'y
.l " X
I N ¢ g
. v v 'y
43 B X
R 1y Py
L
" } ' L Ly
by L " : !
y L h L] )y 3
": hy Yy : Y
L |
» % \\ " .oy
[ ]
O ARRRREARAANANS L
[ ]
*—"1‘1.:‘1-‘-‘. - & ‘ '-I'I.“L ¥ 1
Y ST Sy W T b
L T e A 4k N Y Y
LW L L VYoo ‘i
3 L)
by \ Wy \;- -._'_
Sy " —
":. \ }' " b N Ly
X t “\‘1 \\‘ k oy
PN N $
¥ \h‘.“ﬂ 3 & Ty
lli =" LY
\ iy gy "‘L\. ~ }r"‘*
?'i.ﬁ \ \ "ﬁ"‘! : :
’.i‘.h : : L L i e l'.-l'-."l- TLEWOWWW WWW MWW W wL :
A% N
- [ ] .
.-,'--‘ :. ::l L | :
"“ : EHE ""-.,,‘..- v
" Ay A -t '
I. :lt Ty e T ' \‘T‘-"’-.-.__‘
e "".H.'r t?!i’- :E E " 1 e R RPP P S
: ; : -..h.:..'i.‘i.i.‘ﬁ. T Ty :"
i 1
v ! A
| .
E E-a:-.:*-;* St
' h N
LI . ' N
:= é\ " :
Y L]
-, ™ %
: "'l.."ll-. LAY '-I-.,'Il|..'-|.. LI, [ *
y * t*: \
.: L N %
" - N
N L k
N : ."'l."l."h."l"l."h."l."l."l"l."l."h.'h."h.'h.'-t
[
L
Eh‘hhlﬂ-'ﬁ.'ﬁ.'\.-\.nq.b\‘i 5 :,
N A :
. . o \
|
L] b
u':‘“”‘? v :
T b
- 4 &
-""." : ‘tl"‘ﬁ \
-t | W e 4
a ™ § '4"*‘_1 ot | ] t
E- 1}' - ol ] 1":."‘*‘ ‘11*-"':‘:'? \
=k - N LU L o Y
taw h Y N
Y ‘ " ! . I-:.-I
: "1 .t*“'*i;i-* ':: ::‘ \'\
v W ot o F N
» [
s N
...l- ; ;I. i_'|- L{H
L] L
N W
LI ) "'l. l.Iht
re YT gl N, .\ L%
b L LI
: W )y ]
8t \i
s h‘ 1‘I“.“,l..,u_q."qn'--h"h'\-‘-.l.,u“.‘_.‘.‘. \:
1:.*“,\..-— L ““-"hh;;.
‘.‘:.:_ “_‘*“t“q_m-u-h.q.-nntn'b:?‘--._..‘_“_"““"“h‘
1-"""11-'*"‘ \ R,
'}."' [ "q,. *
; : -
: ; ' hY
"h.*_% ;' LN L
L] 1 \ .
¥ [ o
i ¥ L] .l., "\
"."". : 4 * 3"
o, N ; 4
1 -
J . . o
H'\.I, ] r]r .J."
rq,.'.h 1 R N l.‘_.' LY .
e "ﬁ.. L -._‘\-."' l-.“‘.. . -.-r
n -t - -
"".\_.‘. - ."; ‘L.I.". "l.__...‘- q,,"‘"
s et e
."'h-.'uu‘\-"h."i.-'i‘ -
- --" 'ﬂ'

Sheet 19 of 24

. N
-‘-\..""I. -, “‘ I ‘j . **“‘1
ann- - N
N
N
N
N
N
:
N
"
Y
W
L 4
N
[
x
-
K

ig. 41

-
ill-I
i

L

’ g
*'l".u'.-"'

T

y

"
L
*s
-

"

A

US 11,661,752 B2



US 11,661,752 B2

Sheet 20 of 24

May 30, 2023

U.S. Patent

1
»
!,
¥
‘
]
;
i
d
v
,
!

‘

1

Lz

{_-.
‘* u
ot

A2

&

;




U.S. Patent May 30, 2023 Sheet 21 of 24 US 11,661,752 B2

T el &
SN0
we "'h.-
."‘-r
l-‘-.r
r‘l
-
L
B
R
:“F “-“"'ﬁ"“‘*"«-..-..\...q.w--‘
A n T
i, - i"l-."-'l-'l-"'a.'l-,. e W m m e W e w m w m * .
':c"';' & ‘1"1--.-‘,‘-.1111_:‘_ -h---.‘t“ ‘h‘h"n
"4\."‘-‘ ‘:|.$ &_1 L L ] LI S \-1,.““ ;
L] IR & - ™
- .y iy oy - ny v o
_rl' . - .r#‘ ,.?:‘_ S P "Lw.;‘.‘l‘:i:l"l'l'l-“ll“h'ﬂhw.:‘:‘-:"‘ﬂih "y wT
'r q\_‘- ._" %_,‘4 gy w W - www - kL ‘.‘,‘ ""-‘-.. »
. n » 'h-"' ) H':'H. o
- S Wy LRWREL
s‘r
i'.' =l ‘."\-'\ i
LS ] ]
- o \ ™ ‘
iy wtt A Ty
F‘:‘
- ‘_\-
4-'- "i .
r 4 ] ¥
- . "" -Ih n.': Y
- 1'.'"- -.1'
. L -
_1' " - Sy - .‘1"
~ K "
- -} 1-“ "‘+ T .
1‘ g '\‘ r. » " LS
" ‘...-} - . o
" L S b_.q * o .
II' "“‘ = - s
'-r ‘1-. . L
- - o T m =
1 T - L
- . h ! -~ - . "‘1 - , -
t Ty !"‘ b .
-""‘h..‘- . ‘\..“‘1‘ . ‘-‘1- ::E
~ = L] . s - n, " 1.\" r
- 4t _
1"-"-.'.,_‘ - Ty, ~ - iq"l- ,r"'
‘7"""\. ‘-11-‘ ._-l':"‘i‘* +** "".#
+ 1."'-:' Pl TR L '"‘“‘.“ ik N I'I" 'l-l'"“
- I..‘
- ;: '.'I'I: .l.d:':l. '
.'. ‘*.
[ -+ T, 'l -
ol k"' [ Y » _|.'dlIll 'll
1.* 1."‘\' 'r'
- "‘1 ‘_r
"'l- ‘h
1".‘ -
.": -
IS "‘l‘
l-'" - b
— - ‘-I-" u"'
.b"""-.-\ - . 'ﬂ.,. ~ -.“1““."
"'a."l-q_ . ‘."l‘.""‘h ‘_1."#.."1
Ty - """“l.. - lllil 1‘
el e 1-1 -
- S b ‘. l.
" - "u,;.'
F ﬁ *E E
N
[ ] q;f
by I."n"'.l > .
II.-I-"'II-I-“.
- . o -
‘.‘ .-E ﬂq-'-""l-"'“ i
] .
Hh- * l:’l . ‘-'-'4.'\--‘
il L awm T
i | P
kT : ”_Ei 1.3 A nn m AR AAEE T
.I"F- '.\“ wllw St ;-!
L -
g.\: 12 F‘:‘;Wﬁﬂﬁ-‘-ﬂuunt““"* '
‘i_t" l.'ll'l;I - ‘h"‘ ._._-‘
.'--_'l‘1' -
:.ll’"
L% -"'I-"'-‘"‘--l
i T R Tk TR eC L L b -
: -" -.- "q‘“
'..I “I - 1-.‘ l'-- "‘ih
e )} ﬂ ﬂ .-.‘.-l.
-"‘.
I“.-
P \
LI
NN N,
P13 N
. " "
- N
o h »
[y : : w I“i
% L] L ;l WY y
] h a 1.. N
] L I \u &
L N f ' "
h L] ' 'ﬁ.i [ ]
N oA %
" Lo N 3
' o b 1
1
NI Ly -
oA \'L f &
W ¥
Vv b W v
4 Nk 1 h .
y [ | |_"| h'l-
1 ] 5 i &
" 2 W X
1 L T . L)
4 (R (Rt \
: o AL \
* L 5 \
h Yy N A "
L] N ! LN 4
R 3 t
L1
‘ Yoo B N
b ¥ :
hou AN "
¥ 5 (WY L}
LY W L]
L] . .
5 & Ly .
LI VR .
14 \ LY b B ]
LI g %
"y n'r ;:'
L s 4
. LT " !: \_
[ ] ]
RN 3 :
L [ LT Y
v how Wt 5
. T E ™ N
. L oY ,
' h % Wy %
x N N ) n L)
. » v 1y .
.: : - [ L1
\ % L L)
4 . X W %
y [ v &
ooy g Ak 'u
5? v o f \ Y v
oy W
. NI Lk H
1 R L -t
L] P + Lt k,
, a 8o \ A
bt .
Nt ‘:

Fig. 45



U.S. Patent May 30, 2023 Sheet 22 of 24 US 11,661,752 B2

-
™ \
'rl\--"-‘-'\.".'\q'\-'\q'\.'ﬁ.-'\.'\.'\.'h'\.‘x'l"* ‘i

"“\"-'L,-\.'I-“- L) .I" :"

> )
«* i“ R o
n Y "th‘

“‘ﬁﬁn}thw

H-t*r*l—*l—t‘.*’-\-"—t‘*—"—"’-‘h‘ﬁ'ﬁ“"ﬁ'ﬁ"ﬁ"""-"- L L T R N N A N N N N NN Ty ‘.‘_.".".‘1‘ ‘i\h ‘lwﬁ . ‘ﬁ.tﬁ“““::-:.:i“"-"‘“‘
r - ] -
" o Ty N e bl
"'l. 1‘}\\ """-,.u, "l.-,'ll e
W
LR L

"“-l--l'--l-““

‘#‘-‘, R TR TR T R Thm, ‘-:...ll

» .
[N —— P i -
1.'\_“1 “} T, R R, nm W 1.‘.._1."- ™ -y ey g )
I L] - R
-n.'l'" a - L
:1 ‘%ﬁ Ly TRER Y R L
Wy L T T TR q.i.l.'l.'l'l‘- i
"-| e

L
'l‘l_ \\ '.::"‘-*hnnntnnh'-h““‘-h“‘ l‘!:‘ﬁ“‘i““
..." --l-..l rh“- 1:-: “..w:l'h‘:‘!l
'l," \.' ;'r '-.'-.'-.'-.'-.\'.lhl: ““w_-“":‘fh
l‘\ \. ‘\‘.‘ 'q_-..., -
Y bl
™y

e
e
~

\ N
. o T
\ %
4

'\‘ ‘.- ,““It“l‘
L]

.\ \1. -‘-_'..“.4

'\. h in-"-"‘“‘l" 1

™ 4 mmkEmuer = RRER 4

* L R I“";\“ -—kEEE . i“;:h “}'1?.‘:**}; 'l-..tx
N T ETRES
- - . *

N ! :
"n,,' LY 1
L |
N N ¥

'\I h\"\.i."l."h.i.I.'l.'l'l.'h.'l"h.'l'l'l.'l'li.'l'l.l'li.“"-,

l\*‘ '\.

“,

e e e e e e e R R ":-\\-,"
Y

NN -
— etk
\, LY et T - A

= ‘{:ﬂ. ‘lh-::‘:. F; {I: l.':';

s

s
PEER
L.

s g AL AL LA T AL AL LA AL I I Il I I 11 I I I3 I i A1 A A A AR AL AR AR Ae Y et e R e TR e e e e e e e e e e e e Wy
g o

.\

i- 1
W m il kA E AN LTI I AT I L R T T E TS L E R R R R R R R R R R T E Y T Y T e T e e e Y T e T T TR T T R R R R T Tk R Rt R

A e el o ol ot o e A

o FEEBE D ok ar el e o d s




US 11,661,752 B2

P .l_ﬁ
(S
Ao
LM .._.._._..“
1 -y
L
-
.
Pl
ﬂi Y
-I1~. F *
Al ...r..r .I-u .ﬂ.
. ) .1 - ] [
L .-.l..._.i-u Yu .r!.._.._“ m_
F F 1. _h-..l-.i. d
*a .“-.L-...-. .__.I_...__.. ._ll “
. P '
.__.._.E-._._._._. ._.I._.r..__-_ “
e . ' Twa
ﬁl.u-_ .r.._.q - __h___.-ha.l...h-._ a, _h..
e | -y i.f.l
a l..+ ._.r.__ .__-..
_u._q.n-._._.n “o, ", ._-_..._\
L] d ..Tf_l -
Fy £ *a o
i e
s " PVl Y
+ L |
._1..ll..1. e - 1 .11......‘.-. ..--....-ﬁ._. -~ -~ -.- - .Il.llﬂ
.‘__..,.__“.t.__-__..._.-,.._r e ™ ._-_.. il"t .-.._..___-1. - a A ol B % ._.._.-. ’
e - * Lok . T, ; . L
U 5 W A T O
w e adl ) :
L & e EE, £ o £
"y e W WA, ..\\ ..n.n._______
) ) ] - - . .
-.::‘_ 'E.IT .1....1 l.l__._..T.._H .‘..__‘l.._..-. .__-“.....-I.__.n..! - -y = - .‘._.J..I..I.h-._“
Y e N
" _-“_ - e a - *rias

Sheet 23 of 24

-
]
- | ,
“ ? ! PR
Fal Yy .I.....I..-i-. * .l..._-_.. -_._. s [ o
- ﬁt\_\%'\_ \.l-.u.ull\._..\.- .-__l.l.__.-..“_. h.n..;\. nu\\-__u_»r .__._.._ “ t._._ .ﬁ : _____.“.
P oo o ol - TS .-..___F .__._..._,___ .
- - R -
.|..-..1_..._1 e S ..._._...-___T ._____\ ﬁ..___._...-_. "3 + A LERS __n
n.-._-...‘.....l.... ok ...l.l.....l....l..l..l.lii o ...\.\.. + .lii A .___I.t..__...n........__....l‘.ﬁ\“_ [} 4
g e Ty eer " T N / S
- .....*1..._1.-1...‘ [ n\ > . e e e a . g s ok "
IHH \‘ﬂﬁ .1.‘.‘.-.‘. i .‘R \. .1.'.{.1 - m ‘i..‘. i.h..r.t i‘\\“ﬁ.‘\l\l\lﬁl\\h\.‘f ‘-1 I.Hm nl‘ _1-
..-._. - J e I + * .1‘. \V ¢ ' .
L] .q..n.n...l T\ “ . ._.\n P, -__,...._ -...:_.. o P n_.. \w\._
L ‘. l_‘ \\.Q fa .I...-..l..i..!..l.l.l.r.qr.l.ll.\.\. FR T ’ l\- nii._.lllu.l.-_ e
(@ ..-..“.vl._..llﬁ \.t.il..ﬂhll.l..-_..l. _n_-__..-...‘-....l..._-_a-..-._.____ .......u.!.\.l..lt.l h_l i rEEEEL .y 4 “. i SN
ot - A g kg rerexrsa - -
l..r..l. . ¥ .‘1::;-1; t 1 Hxhhlii‘l‘“ l-..‘..-“.“h ‘.".“.‘..l..*l‘i.i. v F o -.\ . .-.l
t&.ﬁ.l-; .\\nvkl ..-_.l...l_.....l_- .l.._.l_-...l_-....-..l....-...l.._._.. .-.I.....i..l.l.l..ql!._..-...-_.l .___-‘. ..m.lhi..!..l.....l.h
L N Ll ul_-.I n\\l& .|1.l....L._..l...l-.. . oy ; -1_-. LI I l..n.l.l.l!l.l.....-....
ol ol il il AP W n_ ., ﬂn\l ._.U\.- . L~ y
M e e, P
) \ | | d .

- - i I..!‘j‘n‘.‘.‘u‘n‘l&‘.g‘-
L .l.L!-.l..l.._..l.I.s_]..InlnlllnlluE! -

ey
£ - e, e
e \%..ﬂnn. EERBREL LT PET LTSRS PIIP T I IS IS \.\ .
.
[ "
L

R e T _._._.___
s
.-+|.. )
._-.__..__...t._..- . -
......I..‘..l-.!..l.l..i...i.l-.l l.l..I..\.l.- . 1.-

- o
-.Jﬁ ll-._—..l..-_li__lll.-. .Ilql._1|lllll ..I..l.l.ﬂ'l_l_ . '1‘_.“. -.l..‘.-. .4-
= .l’ll-T- hlhll‘k...l.li‘.il.l;‘l-i.l.hih.r -1_-.4.-. 3 .

. e oy E'l[__ln oy A _-.n_..“ .\)‘“l.\._-

-
- L Y Ty o

May 30, 2023

\
\

"R

- -l_. IR
t.ht___ f -.\\

e ._..R\

n....“._...”,. o -

._..IH._... e e e A

_.a.l.l.._.

'l

0

U.S. Patent



U.S. Patent

May 30, 2023 Sheet 24 of 24

LN 3 P
o N =|.
A AN

‘_‘
h * ""-'.' ‘l._'l" 1.'- n

e Tl T M A
‘-Hj .-.p-'ﬁ ™ H\_\ ﬁ\\ A
* T T T T T Ty at
AN L e SO LT
- i Ay
" ane - i :}R\"{L \\1":;
“.\_1.-.‘.-““'- 2
- . Nt
'\'_':-"".* = .
TN\

§
Y
¥ )

i“-‘;::'-:l-“m \L - ‘*'l' \2‘\_ L

Xo®

Sy
A
e
ot
-l"*‘
J} l"- y

US 11,661,752 B2

L 5
“m= -7 -"?
R o o
b oW L
-nn *‘i‘ _‘*‘i"‘
™ Ty L T it
"‘l# .i.“‘.q_'i.'
4*"":"‘-“*
"

am> -w
-..'-L'l""- .‘_-..'l-"-"'f""
I-'“‘ '||..'l""."'.ll.|"I
- L]
.
o=

""‘-ﬁ.‘_“-‘-

b
L
+ o oy
o el - “"““"“'1-._-\_-\_-\_1_-\_-\_1_-\_-\.-.\_1 e
" "lu...,- 'q.._l“_“ """"'\.
- -.,..L 111.1_1.1.\\1.1.\1.1.1.-\.“\1"11‘1
- Yo
* hﬂ""‘-. " ""‘h""l"l-. 1‘\"""!..‘ e "I'I‘*
L J
o R T e A e N e Il i
"- \1‘.. - .y :hl"'hh -'0,,
f 1“-"'\-.‘
$
1
5 ™ B
] "'"ll.hh‘
£2y -
= k8 4y
‘,. a ""'-.._ L ': \ ‘,:“‘
- " DN
: e T
| & & 8
!
\ ol .
\\ i,
o
o
o
LS
il N
. ™
~ .
I'q"""l-
Y
e,
" ™ w -
. o -?
. .- - At A
T Sy [l F L]
"'h...._| "'l||...._||l . FLA
\""h. I""""'ln l.+"1. o o
el e el LR
™ L " [
‘ﬁ.‘-;.l """\_ '_l -
e = " PR
i‘} -..,-""-"'.‘ "l._q.‘ "’I..-..‘ A
i - ""-1.&.‘1 ™ l-" 1"‘
L A ] "'l.‘ - ..." .'l
] ¥ [ 3
"'\‘\_ ‘-‘h ,‘l
L
“l' ..,"'
W
‘.‘ -‘_‘-
P
i*‘* 4.""
*‘i“‘ ‘H:'
LY
*.‘1- "...
L Il
o oat
LI
L
-I" l‘
'Iri l"
¥ -
‘_lll _.b
+
b“ v
T o -
o g b
',
v -
e



US 11,661,752 B2

1

CERAMIC TILE LEVELING BRACKET,
PUSHING AND CLAMPING PLIERS, AND
CERAMIC TILE LEVELING AND LAYING

SYSTEM

The present application 1s a continuation application of
the earlier U.S. patent application Ser. No. 16/470,512 filed
on 17 Jun. 2019, the U.S. patent application Ser. No.

16/4°70,512 being under examination, and 1s the PC'T appli-
cation of the international application No. PCT/CN2017/

096189 filed on 7 Aug. 2017 for national phase conversion
based on 35 U.S.C. § 371. The PCT application 1s published
in Chinese. The all contents of each of the applications are
incorporated by reference herein.

FIELD OF THE INVENTION

The present application relates to a ceramic tile laying
tool, and 1n particular to a ceramic tile leveling bracket,
pushing and clamping pliers, and a ceramic tile leveling and
laying system.

DESCRIPTION OF THE PRIOR ART

Ceramic tile inlaying processes often used 1n the building
decoration industry mainly use the traditional manual paving
method. The common method for paving tloor ceramic tiles
1s generally divided into a dry laying method and a wet
laying method.

The wet laying method uses cement mortar or the like as
an adhesive to directly paste the ceramic tile to a wall or a
floor. The shortcomings lie 1n that the flatness and fullness
of the paved ceramic tile are relatively poor, and the vis-
cosity thereotf 1s also poor, such that 1t can only be applied
to the pasting of small ceramic tiles, and has a large
limitation; and, the workload in the pasting process 1is
relatively large, the technical requirements for the construc-
tion personnel are high, and the construction efliciency 1s
low.

The dry laying method directly lays ceramic tiles of a
larger size and area, such as floor tiles, on a flat and dried
floor. The shortcomings lie in that the thickness of the
required laying matenals 1s relatively great, the require-
ments for the floor flatness are higher, 1t 1s necessary to use
a suflicient amount of cement to level the entire floor, which
requires a high technical level for the construction personnel
and the phenomenon of waste of materials 1s more serious,
and 1f the flatness 1s not enough, it 1s easy to produce a
hollowing phenomenon, which affects the quality of the
laying; and it 1s necessary to wait for the cement to solidily
and dry before starting laying of ceramic tiles and also tamp
the ceramic tiles with a rubber hammer after laying, such
that the process 1s complicated, the workload 1s large, the
laying speed 1s slow, and the construction efliciency 1s low.

There 1s a need 1n the market for a device capable of assist
in ceramic tile laying, which can quickly achieve ceramic
tile leveling and improve the construction efliciency.

SUMMARY OF THE INVENTION

An object of the present application 1s to provide a
ceramic tile leveling and laying device, which solves the
problems of the prior art, such as complicated leveling and
laying processes, low laying efliciency, and high technical
requirements for operators.

In order to solve the above technical problems, the present
application provides a ceramic tile leveling and laying
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2

system, comprising: a ceramic tile leveling bracket disposed
at the junction of two adjacent ceramic tiles; an insertion
block, with one end thereof being inserted nto an insertion
block through-hole of the ceramic tile leveling bracket; and
a pair of pushing and clamping pliers used to push and clamp
the insertion block into the insertion block through-hole
such that a bottom face of the insertion block 1s tangent to
upper surfaces of the two ceramic tiles.

In order to solve the above technical problems, the present
application further provides a ceramic tile leveling bracket,
comprising: a pad used to support bottom faces of two
adjacent ceramic tiles; an insert protruding from the middle
line of an upper surface of the pad and used to be inserted
into a gap between the two adjacent ceramic tiles; and a
breakable connecting portion located at a lower portion of
the 1nsert and close to the pad; wherein the 1insert comprises:
an 1sertion block through-hole which penetrates the nsert
and into which an insertion block 1s inserted; and/or a
bayonet disposed at a lateral side of the insert on one or both
sides, with the height of the bayonet being greater than the
height of the sheet.

Further, 1n various embodiments, the insert further com-
prises a hook-shaped engagement block disposed at a lateral
side of the msert on one or both sides and protruding toward
the bayonet; wherein the bottom of the bayonet 1s arc-
shaped, and a portion, close to the hook-shaped engagement
block, of the bayonet forms a hook-shaped bayonet portion.

Further, 1n various embodiments, the insert comprises a
linear groove downwardly recessed from a surface of the
insert on one or both sides, with the bottom of the linear
groove being the connecting portion.

Further, 1n various embodiments, a bottom face of the pad
1s an arc-shaped surface and 1s part of a cylindrical side face;

and two ends of the pad extend upward from the middle of
the bottom face to make contact with the bottom faces of the
ceramic tiles.

Further, in various embodiments, the pad comprises:
reinforcing ribs disposed at the tops of the two ends of the
pad; and/or a pad through-hole penetrating the pad.

Further, in various embodiments, the longitudinal cross-
section of the insertion block 1s wedge-shaped and com-
prises: an 1nsertion block bottom face, which 1s a flat
surface; an 1sertion block top face, which 1s an inclined flat
surface and forms an acute angle with the insertion block
bottom face; and two or more serrations protruding from the
isertion block top face and arranged in the same straight
line, wherein each of the serration comprises a vertical
serration face and an inclined serration face, and the vertical
serration face 1s perpendicular to the msertion block bottom
face.

In order to solve the technical problem of inserting and
clamping the insertion block into the insertion block
through-hole, the present application further provides push-
ing and clamping pliers, comprising: a first component
comprising a first clamping portion and a first handheld
portion; a second component comprising a second clamping
portion and a second handheld portion; and a pivot via which
the second clamping portion 1s rotatably connected to the
first clamping portion; a first clamping block disposed at a
top end of the first clamping portion; a second clamping
block disposed at a top end of the second clamping portion
and disposed opposite the first clamping block; a first groove
downwardly recessed from an inner side wall of the first
clamping block, with the direction of opening of the clamp-
ing groove lacing the second clamping block; and a second
groove penetrating the second clamping block and disposed
opposite the clamping groove.
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Further, in various embodiments, the pushing and clamp-
ing pliers further comprise a pulling device used to break the
sheet of the ceramic tile leveling bracket to remove the
portion, above the sheet, of the insert.

Further, 1n various embodiments, the pulling device com-
prises: a hooked corner portion protruding in a barbed shape
from an outer side wall of the first clamping block; and a
rounded corner portion disposed at the junction of a side
wall and the top of the second clamping block; or the pulling
device comprises: a hooked corner portion protruding 1n a
barbed shape from an outer side wall of the second clamping,
block; and a rounded corner portion disposed at the junction
of a side wall and the top of the first clamping block.

Further, 1n various embodiments, the pushing and clamp-
ing pliers further comprise: clamping teeth disposed at an
inner side face of the first clamping block and disposed
opposite the second clamping block; and/or disposed at an
iner side face of the second clamping block and disposed
opposite the first clamping block.

Further, in various embodiments, the pushing and clamp-
ing pliers further comprise an elastic member, with one end
thereol being connected to the first clamping portion and the
other end thereof being connected to the second clamping
portion, or with one end thereof being connected to the first
handheld portion and the other end thereof being connected
to the second handheld portion.

Further, in various embodiments, the pushing and clamp-
ing pliers further comprise: a first guiding post protruding
from a side face of the first clamping portion; and a second
guiding post protruding from a side face of the second
clamping portion and disposed opposite the first guiding
post; wherein the elastic member 1s a coil spring, with one
end thereol being sheathed over the first guiding post, and
the other end thereof being sheathed over the second guiding,
post.

Further, 1n various embodiments, the pushing and clamp-
ing pliers further comprise: a first guiding post protruding
from a side face of the first handheld portion; and a second
guiding post protruding from a side face of the second
handheld portion and disposed opposite the first guiding
post; wherein the elastic member 1s a coil spring, with one
end thereof being sheathed over the first gmiding post, and
the other end thereof being sheathed over the second guiding
post.

Further, 1n various embodiments, the pushing and clamp-
ing pliers further comprise a locking device used to switch
the pushing and clamping pliers between opened and closed
states; when the locking device 1s locked, the elastic force of
the elastic member 1s overcome, so that the pushing and
clamping pliers are in a closed state; and when the locking
device 1s unlocked, the pushing and clamping pliers are 1n an

opened state under the action of the elastic force of the
clastic member.

Further, in various embodiments, the pushing and clamp-
ing pliers further comprise: a first bent portion, which 1s part
of the first clamping portion and 1s sheathed outside the
pivot; and a second bent portion, which 1s part of the second
clamping portion and is sheathed outside the pivot.

Further, in various embodiments, the locking device com-
prises: a locking slot disposed at an outer side wall of the
first bent portion; a locking member rotatably fitted to a
surface of the end of the second clamping portion and
disposed opposite the locking slot; and a blocking block
disposed at a surface of the end of the first clamping portion
and disposed opposite the second bent portion, wherein
when the pushing and clamping pliers have the maximum

10

15

20

25

30

35

40

45

50

55

60

65

4

opening angle, the blocking block comes mto contact with
an outer side wall of the second bent portion.

Further, 1n various embodiments, the locking device com-
prises: a locking slot disposed at an outer side wall of the
second bent portion; a locking member rotatably fitted to a
surface of the end of the first clamping portion and disposed
opposite the locking slot; and a blocking block disposed at
a surface of the end of the second clamping portion and
disposed opposite the first bent portion, wherein when the
pushing and clamping pliers have the maximum opening
angle, the blocking block comes into contact with an outer
side wall of the first bent portion.

Further, in various embodiments, the locking member
comprises: a locking member body rotatably connected to
the end of the first clamping portion or the second clamping
portion via a second pivot; a locking engagement block
protruding from a surface of the locking member body; and
a tab protruding from the surface of the locking member
body to drive the locking member body to rotate.

Further, in various embodiments, the locking device 1s
locked when the locking engagement block 1s engaged into
the locking slot; and the locking device 1s unlocked when the
locking engagement block 1s disengaged from the locking
slot.

Another object of the present application 1s to provide a
ceramic tile leveling and laying device that can be applied
when at least two adjacent ceramic tiles are laid, which can
improve the efliciency while saving the user’s physical
strength.

In order to solve the above technical problems, the present
application provides a ceramic tile leveling and laying
system, comprising:

a ceramic tile leveling bracket configured to be able to be
disposed at the junction of at least two adjacent ceramic
tiles;

an isertion block, configured to be inserted into the
ceramic tile leveling bracket; and

a pair of pushing and clamping pliers, which 1s used to
push and clamp the insertion block into the ceramic tile
leveling bracket such that a bottom face of the insertion
block 1s tangent to upper surtaces of the at least two adjacent
ceramic tiles;

wherein the ceramic tile leveling bracket comprises:

a pad, with an upper surface of the pad being configured
to be able to come 1nto contact with lower surfaces of the at
least two adjacent ceramic tiles to support the ceramic tiles;

an 1nsert provided on the upper surface of the pad and
configured to pass through a gap between the adjacent the
ceramic tiles; the insert comprises at least one insertion
block receiving portion used to receive the insertion block;
and

a connecting portion provided on the msert and config-
ured to break under an action of an external force so that at
least part of the insert 1s separated from the pad;

wherein the insertion block 1s wedge-shaped and has a
first end and a second end lower than the first second, and
a bottom surface of the mnsertion block 1n contact with the
ceramic tile 1s a flat surface; the 1msertion block comprising
a protrusion and at least one serration portion, wherein the
serration portion comprising: a serration portion top face,
which 1s an inclined surface relative to the bottom surface of
the msertion block and forms an acute angle with the bottom
surface of the insertion block; and at least two serrations
protruding from a top face of the serration portion; and
wherein the protrusion 1s located on the first end of the
insertion block;
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wherein the pushing and clamping pliers comprises:

a first component comprising a first clamping portion and
a first handheld portion;

a second component comprising a second clamping por-
tion and a second handheld portion;

a pi1vot via which the second clamping portion 1s rotatably
connected to the first clamping portion;

a first clamping block disposed at a top end, away from
the first handheld portion, of the first clamping portion;

a second clamping block disposed at a top end, away from
the second handheld portion, of the second clamping por-
tion;

a first groove iwardly recessed from an inner side wall of
the first clamping block, with the direction of opening of the
clamping groove facing the second clamping portion; and

a second groove, which penetrates the second clamping
block toward the first clamping block and 1s disposed
opposite the first groove;

the first groove and the second groove being configured to
hold the insertion block when the pushing and clamping
pliers push the msertion block into the ceramic tile leveling
bracket;

wherein the first clamping portion extends and bends from
the first handheld portion, the second clamping portion
extends and bends from the second handheld portion, and

the first clamping portion and the second clamping portion
bend 1n the same direction.

Further, the ceramic tile leveling bracket turther com-
prises a rib that 1s provided on the upper surface of the pad
and 1s separated from the insert, and a projection of the rib
on the upper surface of the pad forms an angle with a
projection of the insert on the upper surface of the pad; and
the bottom surface of the msertion block 1s provided with a
strip groove.

The ceramic tile leveling bracket can be used for laying
three or four ceramic tiles at the same time by setting the rib.
Specifically, the ceramic tile leveling bracket 1s arranged 1n
the adjacency of three or four ceramic tiles, so that the rib
1s located between two of the ceramic tiles, and the work
elliciency can be improved. The groove provided on the
bottom surface of the insertion block can be matched with
the rib, so that when the insertion block 1s inserted into the
insert, the bottom surface of the 1nsertion block 1s tangent to
the upper surface of the ceramic tiles, and will not be
aflected by the nb.

In order to solve the above problems, the present appli-
cation further provides a ceramic tile leveling bracket,
comprising;

a pad, with an upper surface of the pad being configured
to be able to come 1nto contact with lower surfaces of at least
two adjacent ceramic tiles to support the ceramic tiles;

an 1nsert provided on the upper surface of the pad and
configured to pass through a gap between the adjacent the
ceramic tiles; and

a connecting portion provided on the insert and config-
ured to break under an action of an external force so that at
least part of the insert 1s separated from the pad; wherein the
insert comprises:

at least one insertion block receiving portion used to
receive an insertion block.

Further, 1n various embodiments, the insertion block
receiving portion comprises: a {irst msertion block receiving,
portion provided in the msert; and/or

a second 1nsertion block receiving portion provided on at
least one side of the insert in the lengthwise direction of the
insert.
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Further, in various embodiments, a thickness of the con-
necting portion 1s less than a thickness of the insert so as to
form a linear groove 1n the mnsert.

Further, 1n various embodiments, the ceramic tile leveling
bracket further comprises a rib that 1s provided on the upper
surface of the pad and i1s separated from the insert, and a
projection of the rib on the upper surface of the pad forms
an angle with a projection of the insert on the upper surface
of the pad.

Further, 1n wvarious embodiments, the rib 1s located
between an outer edge of the pad and the insert, the msert
having a first surface and a second surface, the first surface
referring to a surface of the insert facing the rib, the second
surface referring to a surface of the imsert opposite to the first
surface, a first end of the rib not exceeding the outer edge of
the pad, and a second end of the rib not exceeding the second
surface of the insert.

Further, 1n various embodiments, the first end of the rib
does not exceed a first outer edge of the pad, and the second
end of the rib does not exceed a second outer edge, opposite
the first outer edge, of the pad.

Further, in various embodiments, the pad comprises at
least one pad groove that penetrates the pad 1n the thickness
direction of the pad, and the pad groove 1s disposed on a
lateral side, facing the ceramic tile, of the pad.

Further, 1n various embodiments, the insertion block 1s
wedge-shaped and has a first end and a second end lower
than the first second, and a bottom surface of the insertion
block 1n contact with the ceramic tile 1s a flat surface; the
isertion block comprising a protrusion and at least one
serration portion wherein the serration portion comprising:

a serration portion top face, which 1s an inclined surface
relative to the bottom surface of the insertion block and
forms an acute angle with the bottom surface of the insertion
block:

at least two serrations protruding from a top face of the
serration portion;

wherein the protrusion 1s located on the first end of the
insertion block.

Further, 1n various embodiments, the bottom surface of
the 1nsertion block 1s provided with a strip groove.

In order to solve the above problems, the present appli-
cation further provides pushing and clamping pliers used to
push an insertion block into a ceramic tile leveling bracket,
the pushing and clamping pliers comprising;

a first component comprising a first clamping portion and
a first handheld portion;

a second component comprising a second clamping por-
tion and a second handheld portion;

a p1vot via which the second clamping portion 1s rotatably
connected to the first clamping portion;

a first clamping block disposed at a top end, away from
the first handheld portion, of the first clamping portion;

a second clamping block disposed at a top end, away from
the second handheld portion, of the second clamping por-
tion;

a first groove inwardly recessed from an inner side wall of
the first clamping block, with the direction of opening of the
clamping groove facing the second clamping portion; and

a second groove, which penetrates the second clamping
block toward the first clamping block and 1s disposed
opposite the first groove;

the first groove and the second groove being configured to
hold the insertion block when the pushing and clamping
pliers push the msertion block 1nto the ceramic tile leveling
bracket;
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wherein the first clamping portion extends and bends from
the first handheld portion, the second clamping portion
extends and bends from the second handheld portion, and
the first clamping portion and the second clamping portion
bend 1n the same direction.

Further, 1n various embodiments, the included angle
between the first clamping portion and the first handheld
portion 1s an obtuse angle, and the included angle between
the second clamping portion and the second handheld por-
tion 1s an obtuse angle.

Further, 1n various embodiments, the pushing and clamp-
ing pliers further comprises an elastic member, one end of
the elastic member connected to the first component and
another end of the elastic member connected to the second
component, the elastic member configured to exert an elastic
force to cause the first component and the second component
to move 1n an opening direction.

Further, 1n various embodiments, the pushing and clamp-
ing pliers further comprises:

a first gmiding post protruding from a side face, facing to
the second component, of the first component;

a second guiding post protruding from the second com-
ponent and disposed opposite the first guiding post;

wherein the elastic member 1s a spring with one end of the
spring being sheathed over the first guiding post, and another
end of the spring being sheathed over the second guiding
post.

Further, 1n various embodiments, the pushing and clamp-
ing pliers turther comprise a locking device configured to
overcome the elastic force of the elastic member when the
locking device 1s locked, so that the first component and the
second component are 1n a closed state.

Further, 1n various embodiments, further comprising:

a first bent portion, which 1s part of the first clamping
portion and 1s sheathed outside the pivot; and

a second bent portion, which 1s part of the second clamp-
ing portion and 1s sheathed outside the pivot;

the locking device comprises:

a locking slot disposed on the first clamping portion and
located away from an outer side wall of the first bent portion
of the first clamping portion;

a locking member rotatably connected to the second
clamping portion and disposed opposite the locking slot; and

a blocking block disposed on the first clamping portion
and disposed opposite the second bent portion of the second
clamping portion, the blocking block being configured such
that when the pushing and clamping pliers have the maxi-
mum opening angle, the blocking block comes 1nto contact
with the second bent portion of the second clamping portion.

Further, 1n various embodiments, the locking member
COmMprises:

a locking member body rotatably connected to the second
clamping portion via a second pivot;

a locking engagement block protruding from a surface of
the locking member body to cooperate with the locking slot;
and

a tab protruding from the surface of the locking member
body to drive the locking member body to rotate.

Further, 1n various embodiments, the locking member
COmMprises:

a locking member body rotatably connected to the second
clamping portion via a second pivot;

a locking engagement block, which has an obtuse angle
and 1s located at a surface of the locking member body to
cooperate with the locking slot;
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a limiting block formed by the surface of the locking
member body protruding outward, with a side wall of the
limiting block being bent; and

a toggle portion used to move the locking member body;
the toggle portion being disposed at the surface of the
locking member body, a side wall of the toggle portion being
inwardly recessed from the surface of the locking member
body, and the side wall of the toggle portion being provided
with a toothed pattern.

Further, 1n various embodiments, further comprising: a
pulling device that comprises a hooked comer portion and a
rounded corner portion, the hooked corner portion being in
a barbed shape; wheremn the hooked corner portion 1is
disposed at one of the first clamping block and the second
clamping block, and the rounded corner portion 1s disposed
at the other of the first clamping block and the second
clamping block.

Further, 1n various embodiments, further comprising
clamping teeth, wherein the clamping teeth are disposed on
a side face, facing the second clamping block, of the first
clamping block, and/or

the clamping teeth are disposed on a side face, facing the
first clamping block, of the second clamping block.

The present application has the advantages that, by pro-
viding a ceramic tile leveling bracket, pushing and clamping
pliers and a ceramic tile leveling and laying system, 1n the
ceramic tile laying process, the ceramic tile leveling bracket
and the msertion block are used to support the junction of the
at least two adjacent ceramic tiles, such that the upper
surfaces ol multiple ceramic tiles in the same area are kept
in the same plane, the operation 1s simple and convenient,
and the laying efliciency and the leveling quality are eflec-
tively improved, thereby facilitating large-scale application.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic structural diagram of a ceramic tile
leveling and laying system in a use state according to
Embodiment 1 of the present application;

FIG. 2 1s a schematic perspective structural diagram of the
ceramic tile leveling bracket according to Embodiment 1 of
the present application;

FIG. 3 1s a schematic diagram of the longitudinal cross-
section of the ceramic tile leveling bracket according to
Embodiment 1 of the present application;

FIG. 4 1s a schematic front structural diagram of the
ceramic tile leveling bracket according to Embodiment 1 of
the present application;

FIG. 5 1s a schematic cross-sectional structural diagram of
an 1nsertion block and an insertion block through-hole
according to Embodiment 1 of the present application;

FIG. 6 1s a schematic structural diagram of pushing and
clamping pliers according to Embodiment 1 of the present
application;

FIG. 7 1s a schematic exploded structural diagram of the
pushing and clamping pliers according to Embodiment 1 of
the present application;

FIG. 8 15 a schematic side structural diagram of a locking
device according to Embodiment 1 of the present applica-
tion;

FIG. 9 1s a side view of the ceramic tile leveling and
laying system 1n a use state according to Embodiment 1 of
the present application;

FIG. 10 15 a schematic diagram of the removal of an isert
with the pushing and clamping pliers according to Embodi-
ment 1 of the present application;
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FIG. 11 1s a schematic structural diagram of a ceramic tile
leveling and laying system 1n a use state according to
Embodiment 2 of the present application;

FIG. 12 1s a schematic perspective structural diagram of
a second ceramic tile leveling bracket according to Embodi-
ment 2 of the present application;

FIG. 13 1s a front view of the second ceramic tile leveling
bracket according to Embodiment 2 of the present applica-
tion;

FIG. 14 1s a schematic structural diagram of the second
ceramic tile leveling bracket according to Embodiment 2 of
the present application from another perspective;

FIG. 15 1s a schematic enlarged diagram of a second sheet
according to Embodiment 2 of the present application;

FIG. 16 1s a schematic enlarged diagram of the second
sheet 1n use according to Embodiment 2 of the present
application;

FIG. 17 1s a schematic structural diagram of a second
isertion block according to Embodiment 2 of the present
application;

FIG. 18 1s a schematic structural diagram of a bottom
structure of the second 1nsertion block according to Embodi-
ment 2 of the present application;

FI1G. 19 1s a schematic longitudinal structural diagram of
the second msertion block according to Embodiment 2 of the
present application;

FIG. 20 1s a schematic structural diagram of the second
insertion block and the second ceramic tile leveling bracket
in a use state according to Embodiment 2 of the present
application;

FIG. 21 1s a schematic enlarged diagram of the second
insertion block and the second ceramic tile leveling bracket
in a use state according to Embodiment 2 of the present
application;

FI1G. 22 1s a schematic perspective structural diagram of
a third ceramic tile leveling bracket according to Embodi-
ment 3 of the present application;

FIG. 23 1s a top view of the third ceramic tile leveling
bracket according to Embodiment 3 of the present applica-
tion;

FIG. 24 1s a schematic structural diagram of the third
ceramic tile leveling bracket 1n use according to Embodi-
ment 3 of the present application;

FIG. 25 1s a schematic structural diagram ol a bottom
structure of the third insertion block according to Embodi-
ment 3 of the present application;

FIG. 26 1s a schematic structural diagram of the third
ceramic tile leveling bracket and an 1nsertion block 1n a use
state according to Embodiment 3 of the present application;

FI1G. 27 1s a schematic perspective structural diagram of
a fourth ceramic tile leveling bracket according to Embodi-
ment 4 of the present application;

FIG. 28 1s a top view of the fourth ceramic tile leveling
bracket according to Embodiment 4 of the present applica-
tion;

FIG. 29 1s a schematic structural diagram of fourth
ceramic tile leveling bracket 1n use according to Embodi-
ment 4 of the present application;

FIG. 30 1s a schematic structural diagram of the fourth
ceramic tile leveling bracket and an 1nsertion block 1n a use
state according to Embodiment 4 of the present application;

FIG. 31 1s a schematic perspective structural diagram of
a fifth ceramic tile leveling bracket according to Embodi-
ment 5 of the present application;

FIG. 32 1s a top view of the fifth ceramic tile leveling
bracket according to Embodiment 5 of the present applica-
tion;
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FIG. 33 i1s a schematic structural diagram of the fifth
ceramic tile leveling bracket in a use state according to
Embodiment 5 of the present application;

FIG. 34 1s a schematic perspective structural diagram of
a sixth ceramic tile leveling bracket according to Embodi-
ment 6 of the present application;

FIG. 35 15 a top view of the sixth ceramic tile leveling
bracket according to Embodiment 6 of the present applica-
tion;

FIG. 36 i1s a schematic structural diagram of the sixth
ceramic tile leveling bracket in a use state according to
Embodiment 6 of the present application;

FIG. 37 1s a schematic structural diagram of second
pushing and clamping pliers according to Embodiment 7 of
the present application;

FIG. 38 1s a schematic structural diagram of the second
pushing and clamping pliers according to Embodiment 7 of
the present application from another perspective;

FIG. 39 1s a schematic exploded diagram of the second
pushing and clamping pliers according to Embodiment 7 of
the present application;

FIG. 40 1s a schematic structural diagram of a second
locking member body according to Embodiment 7 of the
present application;

FIG. 41 1s a schematic cross-sectional diagram of a
second locking device according to Embodiment 7 of the
present application;

FIG. 42 1s a schematic enlarged diagram of the second
locking device after being mounted according to Embodi-
ment 7 of the present application;

FIG. 43 1s arear view of the second pushing and clamping,
pliers according to Embodiment 7 of the present application;

FIG. 44 1s a schematic structural diagram of the second
pushing and clamping pliers in a use state according to
Embodiment 7 of the present application;

FIG. 45 1s a schematic structural diagram of a second
pulling device according to Embodiment 7 of the present
application;

FIG. 46 1s a schematic structural diagram of the second
pulling device 1n a use state according to Embodiment 7 of
the present application;

FIG. 47 1s a schematic structural diagram of third pushing
and clamping pliers according to Embodiment 8 of the
present application;

FIG. 48 15 a rear view of the third pushing and clamping
pliers according to Embodiment 8 of the present application;

FIG. 49 1s a schematic exploded diagram of a third
locking device according to Embodiment 8 of the present
application; and

FIG. 50 1s a schematic structural diagram of the third
pushing and clamping pliers 1n a use state according to
Embodiment 8 of the present application.

Parts are labeled 1n the figures as follows:

1 Ceramic tile leveling bracket, 2 Insertion block, 3 Pushing
and clamping pliers, 4 Ceramic tile, 41 Side of ceramic
tile, 42 Lower surface of ceramic tile, 43 Gap;

11 Pad, 12 Insert, 13 First connecting portion, 14 Reinforc-
ing rib, 15 Pad through-hole, 16 Insertion block through-
hole;

17 Linear groove, 18 Bayonet, 19 Hook-shaped engagement
block, 20 Hook-shaped bayonet portion;

210 Serration portion, 21 Serration portion bottom face, 22
Serration portion top face,

23 Serration, 24 Vertical serration face, 25 Inclined serration
face;
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2101 First end, 2102 Second end, 2103 Protrusion, 31 First
component, 32 Second component, 33 Pivot, 34 Clamp-
ing teeth, 35 Pulling device, 36 Elastic member;

37 Locking device;

311 First clamping portion, 312 First handheld portion, 313
First clamping block, 314 First groove, 315 First bent
portion;

321 Second clamping portion, 322 Second handheld portion,
323 Second clamping block, 324 Second groove, 325
Second bent portion;

351 Hooked corner portion, 352 Rounded corner portion,
361 First guiding post, 362 Second guiding post;

371 Locking slot, 372 Locking member, 373 Blocking
block:

3721 Locking member body, 3722 Locking engagement
block, 3723 Tab, 3724 Second pivot, 3725 Gasket;

101 Second ceramic tile leveling bracket, 102 Second inser-
tion block;

111 Second pad, 1111 Upper surface of second pad, 1112
First middle line of second pad, 1113 Bottom face of
second pad, 1114 Lateral side of second pad, 1115 Pad
groove;

112 Second isert, 113 Second connecting portion, 114
Second linear groove, 115 Extension end, 116 First inser-
tion block receiving portion, 117 Limiting portion, 1121
First connection piece, 1122 Second connection piece,
118 Second 1nsertion block receiving portion, 1161 Upper
edge of first msertion block receiving portion, 1171
Lower edge of limiting portion, 1181 Upper edge of
second 1nsertion block receiving portion, 1120 Insertion
block receiving portion;

120 Second serration portion, 121 Bottom face of second
insertion block, 122 Serration portion top face, 123 Ser-
ration, 124 Serration slot, 125 End portion, 126 Base,
1261 First side of base, 1262 Second side of base, 1263
Second protrusion;

201 Third ceramic tile leveling bracket, 202 Third 1nsertion
block:

211 Thard pad, 2111 Upper surface of third pad, 2112 Second
middle line of third pad, 2113 Outer edge of third pad;

212 Third insert, 216 Third insertion block through-hole;

219 First r1b, 2191 First end of first r1b, 2192 Second end of
first rib:

301 Fourth ceramic tile leveling bracket, 302 Fourth inser-
tion block;

311 Fourth pad, 3111 Upper surface of fourth pad, 3112
Third middle line of fourth pad, 3113 First outer edge of
fourth pad, 3114 Fourth outer edge of fourth pad;

312 Fourth insert:

319 Second b, 3191 First end of second rib, 3192 Second
end of second rib;

401 Fifth ceramic tile leveling bracket, 411 Fifth pad, 412
Fifth insert, 4111 Upper surface of fifth pad, 419 Third rib;

601 Sixth ceramic tile leveling bracket, 611 Sixth pad, 612
Sixth 1nsert, 6111 Upper surface of sixth pad, 519 Fourth
rib, 5191 First portion of fourth rib, 5192 Second portion
of fourth nb:;

500 Third pushing and clamping pliers, 501 Third compo-
nent, 302 Fourth component, 503 Third pivot, 504 Second
clamping teeth, 505 Second elastic member, 506 Second
locking device, 507 Second blocking block, 508 Second
pulling device;

5011 Third clamping portion, 3012 Third handheld portion,
5013 Third clamping block, 5014 Third groove, 5015
Third bent portion, 50131 Side wall of third clamping
block, 50132 Top of third clamping block;
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5021 Fourth clamping portion, 5022 Fourth handheld por-
tion, 5023 Fourth clamping block, 5024 Fourth groove,

5025 Fourth bent portion, 50231 Side wall of fourth

clamping block, 50232 Top of fourth clamping block;

5051 Third guiding post, 5052 Fourth guiding post;

5061 Second locking slot, 5062 Second locking member,
50621 Second locking member body, 50622 Second lock-
ing engagement block, 50623 Limiting block, 50624
Toggle portion, 50625 Fourth pivot, 50626 Toothed pat-
tern;

5081 Second hooked corner portion, 5082 Second rounded
corner portion;

600 Third pushing and clamping pliers, 606 Third locking
device, 607 Third blocking block;

6061 Third locking slot, 6062 Third locking member, 60621
Third locking member body, 60622 Third locking engage-
ment block, 60623 Second tab, 60625 Fitth pivot, 60626

Second gasket.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(L]

The preferred embodiments of the present application are
described below with reference to the accompanying draw-
ings, and the present application can be fully introduced to
those skilled 1n the art, such that the technical content
thereof will be clearer and 1s easy to understand. The present
application can be embodied 1n various forms of embodi-
ments, and the scope of protection of the present application
1s not limited to the embodiments mentioned herein.

In the drawings, the same reference numeral indicates
components having the same structure, and similar reference
numerals i1ndicate assemblies having similar structures or
functions throughout. The size and thickness of each assem-
bly shown in the figures are shown arbitrarily, and the
present application does not define the size and thickness of
cach assembly. In order to make the i1llustration clearer, the
thickness of the component 1n some places of the figures 1s
appropriately exaggerated.

Orientation terms mentioned in the present application,

lower”, “front”, “rear”, “left”, “right”,
“mmner”, “outer”, “side” etc., are merely orientations 1n the
figures and are only 1ntended to explain and illustrate the
present application and are not intended to limait the scope of
protection of the present application.

When a certain assembly 1s described as “on” a further
assembly, the assembly can be placed directly on the further
assembly; and there may also be an intermediate assembly
on which the assembly 1s placed, and the intermediate
assembly placed on the further assembly. When an assembly
1s described as “mounted to” or “connected to” a further
assembly, it can be understood as either “mounted” or
“connected” directly, or an assembly being indirectly
“mounted to” or “connected to” the further assembly via an
intermediate assembly.

> 114

such as “upper”,

Embodiment 1

As shown 1n FIG. 1, this embodiment provides a ceramic
tile leveling and laying system, comprising a ceramic tile
leveling bracket 1, an insertion block 2 and pushing and
clamping pliers 3, which cooperate with one another to assist
in leveling of ceramic tiles 4 1n the ceramic tile laying
process, such that all the upper surfaces of the ceramic tiles
lie 1n the same plane.

During the construction of the ceramic tile laying, a user
can apply an adhesive, such as cement and a ceramic tile
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adhesive, onto a tloor or a wall according to requirements,
and then multiple ceramic tiles are subsequently laid on the
floor or the wall. During laying, a ceramic tile leveling
bracket 1 1s placed at the junction of any two adjacent
ceramic tiles 4, and taking a square ceramic tile as an
example, 1t 1s necessary to provide a ceramic tile leveling
bracket 1 on each of four sides thereof.

As shown 1 FIGS. 2-4, the ceramic tile leveling bracket
1 comprises a pad 11 and an insert 12, which are integrally
provided. The insert 12 protrudes from the middle line of the
upper surface of the pad 11. The longitudinal cross-section
of the ceramic tile leveling bracket 1 approximates an
inverted T-shape. The pad 11 1s disposed below two adjacent
ceramic tiles 4, and the insert 12 1s inserted ito a gap
between the two adjacent ceramic tiles 4.

The bottom face of the pad 11 1s an arc-shaped surface and
1s part ol a cylindrical side face. Two ends of the pad 11
smoothly extend upward from the middle of the bottom face,
and the tops of the two ends of the pad 11 are provided with
reinforcing ribs 14 to make contact with and support the
bottom faces of the two adjacent ceramic tiles 4. The pad 11
1s provided with two or more pad through-holes 15 which
penetrate the pad 11. In the ceramic tile leveling process, an
adhesive under the ceramic tile 4 will enter from the pad
through-holes 135 1nto the space enclosed by the pad 11 and
the lower surfaces of the ceramic tiles 4. During the curing
of the adhesive, the pad 11 and the two ceramic tiles 4 are
fixed into one body.

As shown in FIGS. 4-5, the middle of the insert 12 1s
provided with an 1nsertion block through-hole 16, the 1nser-
tion block through-hole 16 penetrates the mnsert 12, and an
isertion block 2 may be inserted into the insertion block
through-hole. The longitudinal cross-section of the insertion
block 2 1s wedge-shaped, and has a first end 2101 and a
second end 2102 opposite the first end 2101. The first end
2101 1s higher than the second end 2102, so that the
longitudinal section of the insertion block 2 1s wedge-
shaped. In the embodiment, the insertion block only com-
prises one serration portion 210, which comprises a serration
portion bottom face 21 and a serration portion top face 22.
Since the insertion block 2 comprises only one serration
portion 210, the serration portion bottom face 21 1s the
bottom face of the insertion block 2, and the serration
portion top face 22 1s the top face of the insertion block 2.
The serration portion bottom face 21 1s a flat surface, and the
serration portion top face 22 1s an inclined face relative to
the serration portion bottom face 21, and the angle between
the serration por‘uon bottom face 21 and the serration portion
top face 22 1s an acute angle, preferably of 20-30 degrees.
The serration portion top face 22 1s provided with two or
more protruding serrations 23, and the multiple serrations
are arranged 1n the same straight line. Each of the serrations
23 comprises a vertical serration face 24 and an inclined
serration face 23, the vertical serration face 24 1s perpen-
dicular to the serration portion bottom face 21, and the
inclined angle of the inclined serration face 25 1s consistent
with the inclined angle of the serration portion top face 22.

As shown 1n FIG. 1, after the ceramic tile leveling bracket
1 1s fitted 1nto the gap between the two adjacent ceramic tiles
4, the lower second end 2102 of the insertion block 2 can be
inserted nto the insertion block through-hole 16, and the
transverse cross-section of the higher first end 2101 of the
isertion block 2 i1s semicircular, forming the protrusion
2103 of the insertion block 2, which 1s matched with the
pushing and clamping pliers 3. The user can push the
insertion block 2 as far as possible mto the insertion block
through-hole 16 by means of the pushing and clamping
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pliers 3, such that the insert 12 can be engaged into the
serration gap between two serrations on the serration portion
top face 22 so as to lock the positions of the two ceramic tiles
4. In the process of gradually pushing the insertion block 2
into the insertion block through-hole 16, the pad 11 moves
in a small range relative to the ceramic tiles 4, and the
ceramic tiles 4 are lifted. The heights of the two ceramic tiles
4 are finely adjusted such that the serration portion bottom
face 21 1s tangent to the upper surfaces of the two ceramic
tiles 4. At this time, the adhesive under the ceramic tiles 4
1s not cured and can flow through the pad through-holes 15
into the space enclosed by the pad 11 and the ceramic tiles
4. After the adhesive 1s cured, the pad 11 and the ceramic
tiles 4 are fixed into one body. Since the serration portion
bottom face 21 1s a tlat surface, the upper surfaces of the two
ceramic tiles 4 are necessarily in the same plane, such that
the leveling process of the two ceramic tiles can be com-
pleted.

In this embodiment, the ceramic tile 4 1s rectangular or
square, and the junctions between the four sides thereof and
the other ceramic tiles can be respectively provided with a
ceramic tile leveling bracket 1 according to the above
method. In the similar manner, the upper surfaces of all the
ceramic tiles laid on the construction site can be positioned
in the same plane by means of multiple ceramic tile leveling
brackets 1, and then left to stand for a period of time to cure
the adhesive (cement, ceramic tile adhesive, etc.).

As shown 1n FIGS. 2-3, the lower portion, close to the pad
11, of the msert 12 1s provided with a breakable first
connecting portion 13, the first connecting portion 13 is a
thin sheet and 1s part of the insert 12 and 1s 1n the shape of
a straight line having a certain width, and the user can tear
the first connecting portion 13 along the straight line to break
same such that the insert 12 1s divided 1nto upper and lower
portions from the tear. The height of the first connecting

portion 13 1s substantially tlush with the lower surface of the
ceramic tile 4.

The msert 12 further comprises a linear groove 17
inwardly recessed from a surface of the msert 12 on one or
both sides, and the bottom of the linear groove 17 1s the first
connecting portion 13. With the groove structure of the first
connecting portion 13 on one or both sides, the first con-
necting portion 13 is relatively thin, and has a thickness of
generally about 1-2 mm. Such groove structure makes the
first connecting portion 13 easy to tear. After the adhesive 1s
cured, the user can violently break or tear the upper portion
of the msert 12 from the first connecting portion 13 with a
conventional plier tool.

As shown 1n FIG. 4, 1n this embodiment, a lateral side of
one side of the msert 12 1s provided with a bayonet 18, or
lateral sides of two sides of the insert 12 are respectively
provided with a bayonet 18, and the height of the bayonet 18
1s greater than that of the first connecting portion 13. The
insert 12 further comprises a hook-shaped engagement block
19 that 1s disposed at a lateral side of the insert 11 on one or
both sides and protrudes toward the bayonet 18. The longi-
tudinal cross-section of the bottom of the bayonet 18 1s
arc-shaped, and a portion, close to the hook-shaped engage-
ment block 19, of the bayonet 18 forms a hook-shaped
bayonet portion 20. The bottom of the bayonet 18 1s a
contact edge that can cooperate with an outer edge of a
hooked corner portion 351 of the pushing and clamping
pliers 3. The longitudinal cross-section of the bottom of the
bayonet 18 1s arc-shaped, and the opening end of the
arc-shaped contact edge (1.e., the hook-shaped engagement
block 19) i1s bent downward.
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The user can remove the upper part of the msert 12 from
the first connecting portion 13 by means of a pulling tool
such as a small claw hammer. Specifically, the barbed
structure of the pulling tool 1s used to engage into the
bayonet 18 to remove the portion, above the first connecting,
portion 13, of the msert based on the lever principle. In this
embodiment, a pulling device 1s provided 1n the pushing and
clamping pliers 3, and the pulling device has a hook-shaped
bayonet portion 20 which can be engaged into the bayonet
18 to quickly and efliciently remove part of the msert, as will
be described 1n detail below.

In the construction of ceramic tile laying, after the
cement, the ceramic tile adhesive or the like 1s cured, the
iserts 12 of all the ceramic tile leveling brackets 1 are
broken from the first connecting portion 13, and after the
upper half of the insert 12 and the insertion block 2 are
removed and cleaned, all the gaps between the ceramic tiles
are filled and flattened, and the entire process of ceramic tile
laying can be completed. The operation 1s simple, the
construction processes can be eflectively reduced, and the
construction efliciency 1s improved.

In this embodiment, the pushing and clamping pliers 3 are
used to push and clamp the insertion block 2 into the
insertion block through-hole 16 such that the serration
portion bottom face 21 1s tangent to the upper surfaces of the
two ceramic tiles 4.

As shown 1n FIGS. 6 and 7, the pushing and clamping
pliers 3 comprise a first component 31, a second component
32, and a pivot 33. The first component 31 comprises a {irst
clamping portion 311 and a first handheld portion 312, and
the second component 32 comprises a second clamping
portion 321 and a second handheld portion 322, the second
clamping portion 311 being rotatably connected to the first
clamping portion 311 via the pivot 33. A top end of the first
clamping portion 311 1s provided with a first clamping block
313, and a top end of the second clamping portion 321 1is
provided with a second clamping block 323. The second
clamping block 323 i1s disposed at the same height as and
opposite the first clamping block 313.

The inner side faces opposite each other of the first
clamping block 313 and the second clamping block 323 may
be provided with clamping teeth 34. The clamping teeth 34
of the first clamping block 313 are disposed opposite the
second clamping block 323, and the clamping teeth 34 of the
second clamping block 323 are disposed opposite the first
clamping block 313. In other words, the clamping teeth 34
of the first clamping block 313 are opposite the clamping
teeth 34 of the second clamping block 323. The inner side
faces opposite each other of the two clamping blocks are
clamping faces, and the clamping teeth 34 can increase the
coellicient of friction between the clamping faces and the
surface of the clamped object, thereby preventing the
clamped object from slipping out.

As shown 1in FIGS. 1 and 6-7, 1n this embodiment, the
inner side wall of the first clamping block 313 1s provided
with a downwardly recessed first groove 314, with the
direction of opening thereof facing the second clamping
block 323; and the second clamping block 323 is provided
with a second groove 324 that transversely penetrates the
entire second clamping block 323, and the second groove
324 is disposed opposite and 1n the same straight line as the
first groove 314. Portions, on the two sides and at the bottom
of the second groove 324, of the second clamping block 323
form a bifurcated structure comprising two bifurcated por-
tions, the second groove 324 i1s located between the two
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bifurcated portions, and the clamping teeth 34 are provided
on the clamping faces on the inner sides of the two bifur-
cated portions.

As shown 1 FIG. 9, the second groove 324 and the first
groove 314 are configured to clamp the insertion block 2
such that the insertion block 2 1s pushed and clamped 1nto
the insertion block through-hole 16 of the ceramic tile
leveling bracket 1. When the lower end of the insertion block
2 1s pushed into the msertion block through-hole 16, the user
puts the pushing and clamping plier 3 upside down and
opens same, and the protrusion 2103 of the higher first end
2101 of the mnsertion block 2 1s placed 1n the first groove
314, the lower second end 2102 of the insertion block 2 1s
placed 1n the second groove 324, and then the two handheld
portions 312 and 322 are closed by force. During the closing
of the pushing and clamping pliers 3, the first clamping
block 313 pushes the higher end of the msertion block 2 1nto
the insertion block through-hole 16, the bifurcated portion of
the second clamping block 323 1s pushed against one side of
the insert 12, and the lower second end 2102 of the insertion
block 2 shdes through the second groove 324 to secure the
insertion block 2 in the insertion block through-hole 16, such
that the isert 12 can be engaged onto a certain serration on
the serration portion top face 22, thereby locking the posi-
tions of the two ceramic tiles 4.

In this embodiment, the pushing and clamping pliers 3
turther comprise a pulling device 35 for breaking the first
connecting portion 13 of the ceramic tile leveling bracket 1
to remove the portion, above the first connecting portion 13,
of the mnsert 12.

As shown 1n FIGS. 6-7, the pulling device 35 comprises
a hooked comer portion 351 and a rounded corner portion
352. The hooked corner portion 351 protrudes 1n a barbed
shape from the outer side wall of the first clamping block
313, and the outer edge of the hooked cormer portion 351 is
a smooth tlat surface or an arc-shaped curved surface, and 1s
disposed at the junction of the side wall and the top of the
first clamping block 313. The rounded corner portion 352 1s
disposed at the junction of the side wall and the top of the
second clamping block 323, and each of the two bifurcated
portions has a rounded comer portion 352. Alternatively, the
hooked corner portion 351 protrudes 1n a barbed shape from
the outer side wall of the second clamping block 323, and the
two biturcated portions protrude outwardly and extend to
form a hooked corner portion 351, and the hooked corner
portion 351 has an outer edge that 1s a smooth flat surface or
an arc-shaped curved surface, and 1s disposed at the junction
of the side wall and the top of the second clamping block
323. The rounded corner portion 352 1s provided at the
junction of the side wall and the top of the first clamping
block 313.

In this embodiment, the lateral sides of two sides of the
insert 12 are respectively provided with a bayonet 18 and a
hook-shaped engagement block 19, the hook-shaped
engagement block 19 1s disposed at the upper portion of the
bayonet 18 and protrudes toward the bayonet 18, and a
portion, close to the hook-shaped engagement block 19, of
the bayonet 18 forms a hook-shaped bayonet portion 20. The
bottom of the bayonet 18 15 a contact edge that can cooperate
with an outer edge of a hooked corner portion 351 of the
pushing and clamping pliers 3. The longitudinal cross-
section of the bottom of the bayonet 18 1s arc-shaped, and
the opening end of the arc-shaped contact edge (1.e., the
hook-shaped engagement block 19) 1s bent downward.

In the ceramic tile laying process, after the adhesive 1s
cured, the pad 11 and the ceramic tiles 4 are all fixed by the
adhesive, and the user can remove the upper half of the insert
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12 by means of the pulling device 35 of the pushing and
clamping pliers 3. As shown in FIG. 10, at first, the user
needs to close and lock the pushing and clamping pliers 3,
the hooked corner portion 351 of the pulling device 35 1s
engaged 1into the bayonet 18 on the lateral side of the insert
12, the outer edge of the hooked corner portion 351 slides
along the contact edge of the bayonet 18, the hooked corner
portion 351 1s engaged into the hook-shaped bayonet portion
20, and the rounded corner portion 352 of the pulling device
35 1s placed on the upper surfaces of the ceramic tiles 4.
Based on the principle of lever, the user can pull the upper
half of the msert 12 upward with the rounded corner portion

352 as the fulcrum, and since the lower portion, close to the
pad 11, of the insert 12 1s provided with the breakable first
connecting portion 13, when an upward force 1s applied to
the upper portion of the 1nsert 12, the first connecting portion
13 1s torn or broken, such that the portion, above the first
connecting portion 13, of the msert 12 1s removed. If the first
connecting portion 13 1s only torn but not completely broken
under the force, since both sides of the 1nsert 12 are provided
with the bayonets 18, the user can repeat the above operation
from the other side until the upper portion of the mnsert 12 1s
completely removed.

As shown 1 FIGS. 6-7, 1n this embodiment, the pushing
and clamping pliers 3 further comprise an elastic member
36, with one end thereof being connected to the first clamp-
ing portion 311, and the other end thereof being connected
to the second clamping portion 321. Alternatively, one end
of the elastic member 1s connected to the first handheld
portion 312, and the other end thereof 1s connected to the
second handheld portion 322. When the first component 31
and the second component 32 of the pushing and clamping
pliers 3 are to be relatively closed, the user only needs to use
one hand to apply force to the mner side, but when they are
to be relatively opened, the user needs to use two hands at
the same time, so the operation 1s inconvenient. With the
clastic member 36 mounted between the first component 31
and the second component 32, a certain outward tension can
be provided between the first component 31 and the second
component 32, such that the user can perform opening and
closing operations with one hand.

Preferably, this embodiment further comprises a first
guiding post 361 and a second guiding post 362 respectively
disposed on two opposite side faces of the two handheld
portions 312 and 322. The first guiding post 361 protrudes
from the inner side face of the first handheld portion 312.
The second guiding post 362 protrudes from the 1mnner side
tace of the second handheld portion 322, and the second
guiding post 362 1s disposed opposite the first guiding post
361. The elastic member 36 1s preferably a coil spring, with
one end thereol being sheathed over the first guiding post
361, and the other end thereof being sheathed over the
second guiding post 362. In other variant embodiments, the
two guiding posts 361, 362 may be respectively disposed on
two opposite side faces of the two clamping portions 311 and
321. The first guiding post 361 protrudes from the 1nner side
face of the first clamping portion 311, the second guiding
post 362 protrudes from the 1mner side face of the second
clamping portion 321, and the second guiding post 362 is
disposed opposite the first guiding post 361.

As shown 1 FIGS. 6-8, 1n this embodiment, the pushing
and clamping pliers 3 further comprise a locking device 37
used to switch the pushing and clamping pliers 37 between
opened and closed states including a closed state and an
opened state. When the locking device 37 1s locked, the
pushing and clamping pliers 3 are in the closed state. When
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the locking device 37 1s unlocked, the pushing and clamping
pliers 3 are in the opened state.

In this embodiment, the pushing and clamping pliers 3
further comprise a first bent portion 3135 and a second bent
portion 325, which are both sheathed outside the pivot, such
that the second component 32 i1s hinged to the first compo-
nent 31 via the pivot 33. The first bent portion 315 1s part of
the first clamping portion 311, and the second bent portion
325 i1s part of the second clamping portion 321.

As shown 1n FIGS. 6-10, the locking device 37 comprises
a locking slot 371, a locking member 372, and a blocking
block 373. The locking member 372 and the blocking block
373 are respectively disposed at the ends of the two clamp-
ing portions and close to the handheld portions.

In this embodiment, preferably, the locking slot 371 1s
disposed at the outer side wall of the first bent portion 315,
and the locking member 372 1s rotatably fitted to the surface
of the end of the second clamping portion 321 and 1is
disposed opposite the locking slot 371. The blocking block
373 1s disposed at the surface of the end of the first clamping
portion 311 and is disposed opposite the second bent portion
325. When the pushing and clamping pliers have the maxi-
mum opening angle, the blocking block 373 comes nto
contact with the outer side wall of the second bent portion
325.

As shown 1n FIG. 8, the locking member 372 comprises
a locking member body 3721, a locking engagement block
3722, and a tab 3723. The locking member body 3721 may
be a metal sheet, and 1s rotatably connected to the end of the
first clamping portion 311 or the second clamping portion
321 via a second pivot 3724. A gasket 3725 1s disposed
between the locking member 372 and the first clamping
portion 311 or the second clamping portion 321. The locking
member 372 and the clamping portion 311, 321 are both
made of metal, and the gasket 3725 can assist in the relative
rotation ol the two, thereby reducing wear between the
components. The locking engagement block 3722 protrudes
from the front end of the surface of the locking member
body 3721. When the locking engagement block 3722 1s
engaged into the locking slot 371, the locking device 37 1s
locked. When the locking engagement block 3722 1s disen-
gaged from the locking slot 371, the locking device 37 is
unlocked. The tab 3723 protrudes from and 1s perpendicular
to the surface of the locking member body 3721. The user
can move the tab 3723 with a finger to drive the locking
member body 3721 to rotate, such that the locking engage-
ment block 3722 1s engaged into or disengaged from the
locking slot 371.

When the pushing and clamping pliers 3 need to be
adjusted from the closed state to the opened state, the user
can first further close the two handheld portions, and then
rotate the tab 3723 counterclockwise, such that the locking
engagement block 3722 1s disengaged from the locking slot
371 and 1s therefore unlocked, and the two clamping por-
tions are opened under the action of the elastic member 36
(coil spring).

When the pushing and clamping pliers 3 need to be
adjusted from the opened state to the closed state, the user
can first close the two handheld portions, and then rotate the
tab 3723 clockwise, such that the locking engagement block
3722 1s engaged into the locking slot 371, and the two
clamping portions are therefore locked 1n the closed state.

Similarly, the locking slot 371 may also be disposed on
the outer side wall of the second bent portion 325, and the
locking member 372 1s rotatably fitted to the surface of the
end of the first clamping portion 311 and disposed opposite

the locking slot 371. The blocking block 373 1s disposed on
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the surface of the end of the second clamping portion 321
and 1s disposed opposite the first bent portion 315. When the
pushing and clamping pliers have the maximum opemng,
angle, the blocking block 373 comes 1nto contact with the
outer side wall of the first bent portion 315. d

This embodiment provides a ceramic tile leveling bracket,
pushing and clamping pliers, and a ceramic tile leveling and
laying system. In the ceramic tile laying process, the ceramic
tile leveling bracket and the insertion block are used to
support the junction of two adjacent ceramic tiles, such that
the upper surfaces of multiple ceramic tiles in the same area
are kept in the same plane, the operation 1s simple and
convenient, and the laying efliciency and the leveling quality
are ellectively improved, thereby facilitating large-scale
application.

10

15

Embodiment 2

As shown 1n FIG. 11, this embodiment provides a ceramic
tile leveling and laying system, comprising a second ceramic
tile leveling bracket 101, a second insertion block 102, and
pushing and clamping pliers 3, which cooperate with one
another for assist 1n leveling of ceramic tiles 4 1n the ceramic
tile laying process, such that all the upper surfaces of the 25
ceramic tiles lie 1n the same plane.

During the construction of the ceramic tile laying, a user
can apply an adhesive, such as cement and a ceramic tile
adhesive, onto a floor or a wall according to requirements,
and then multiple ceramic tiles are subsequently laid onto Y
the floor or the wall. During laying, a second ceramic tile
leveling bracket 101 1s placed at the junction of at least two
adjacent ceramic tiles 4, and taking a square ceramic tile as
an example, 1t 1s necessary to provide a second ceramic tile
leveling bracket 101 on each of four sides thereof.

The pushing and clamping pliers 3 used 1n the present
embodiment 1s the same as that in the embodiment 1.

As shown 1 FIG. 12, the second ceramic tile leveling
bracket 101 comprises a second pad 111 and a second 1nsert ,,
112, which are ntegrally provided. When the second
ceramic tile leveling bracket 101 1s placed at the junction of
at least two adjacent ceramic tiles 4, the upper surface 1111
of the second pad 111 comes nto contact with the lower
surfaces 42 of the ceramic tiles 4 (see FIG. 16) to support the 45
ceramic tiles 4.

The second insert 112 1s disposed on the upper surface
1111 of the second pad 111 and i1s formed by extends from
the upper surface 1111 of the second pad 111 away from the
second pad 111, such that the second insert 112 protrudes >
from the second pad 111. Preferably, the second insert 112
1s arranged at the first middle line 1112 of the upper surface
1111 of the second pad 111. The first middle line 1112 refers
to a middle line, parallel to the side 41 where the ceramic
tiles 4 are adjacent to each other, of the upper surface 1111
of the second pad 111 when the second ceramic tile leveling
bracket 101 1s placed at the junction of the adjacent ceramic
tiles 4. The longitudinal cross-section of the second ceramic
tile leveling bracket 101 (1.e., the cross section parallel to the
first middle line 1112) 1s approximately in an inverted
T-shape (see FIG. 15). It should be understood that the
second nsert 112 may not be disposed at the first middle line
1112 of the upper surface 1111 of the second pad 111. For
example, the second msert 112 1s arranged at other positions, g5

being parallel to or intersecting with the first middle line
1112, on the upper surface 1111 of the second pad 111
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When 1n use, the second pad 111 1s disposed below the
two adjacent ceramic tiles 4, and the second insert 112 1s
inserted 1nto the gap between the two adjacent ceramic tiles
4.

The second pad 111 1s 1n the shape of a flat plate, that 1s,
the bottom face 1113 and the upper surface 1111 of the
second pad 111 are flat surfaces parallel to each other. The
side face, connecting the upper surface 1111 and the bottom
tace 1113, of the second pad 111 1s an inclined surface, and
the inclined surface forms an acute angle with the bottom
face 1113 of the second pad 111. The two lateral sides 1114,
facing the ceramic tiles 4, of the second pad 111 are
respectively provided with at least one flow-through portion
used to allow the adhesive below the ceramic tiles 4 to enter
the space between the upper surface 111 of the second pad
111 and the lower surface of the ceramic tile 4 via the
flow-through portion during the leveling of the ceramic tiles,
such that the second pad 111 and the ceramic tile 4 are fixed
as a whole during curing of the adhesive. Preferably, the two
lateral sides 1114, facing the ceramic tiles 4, of the second
pad 111 are respectively provided with two flow-through
portions. In some implementations, the flow-through portion
1s a pad groove 1115 provided 1n the lateral side 1114 of the
second pad 111. The pad groove 1113 penetrates the second
pad 111 1n the thickness direction of the second pad 111, that
1s, the pad groove 1115 penetrates from the bottom face 1113
of the second pad 111 to the upper surface 1111 of the second
pad 111, and the pad groove 1115 opens toward the ceramic
tile 4. In some 1mplementations, a through-hole penetrating
the bottom face 1113 and the upper surface 1111 of the
second pad 111 may be used 1nstead of the pad groove 1115.

As shown 1n FIG. 13, the second insert 112 1s used to
receive the insertion block, and comprises at least one
isertion block receiving portion 1120 which 1s used to
receive the insertion block and into which the insertion
block 1s mserted. Preferably, the insertion block receiving
portion 1120 comprises a {first insertion block receiving
portion 116, which 1s a insertion block through-hole pro-
vided 1n the second 1nsert 112, and/or second insertion block
receiving portions 118 provided on at least one side of the
second insert 112 in the lengthwise direction thereof. The
second insert 112 comprises an extension end 115 away
from the second pad 111. The first connection piece 1121 and
the second connection piece 1122 are connected to the
extension end 115 and the second pad 111, the first connec-
tion piece 1121 and the second connection piece 1122 are
symmetrical about the center line 1123 of the second nsert
112, such that a first insertion block receiving portion 116
located 1n the middle of the second insert 112 1s formed
between the first connection piece 1121 and the second
connection piece 1122. The first msertion block receiving
portion 116 penetrates the second msert 112 in the thickness
direction of the second insert 112. The first isertion block
receiving portion 116 penetrates toward the second pad 111
and reaches the second pad, and can be used to receive
insertion of the insertion block, that 1s, the lateral side,
facing the second pad 111, of the first insertion block
receiving portion 116 1s flush with the upper surtace 1111 of
the second pad 111. The first isertion block receiving
portion 116 may also be the same through-hole as the
isertion block through-hole 16 in Embodiment 1, that 1is,
the lateral side, facing the second pad 111, of the second
insertion block through-hole 116 i1s higher than the upper
surface 1111 of the second pad 111.

The second 1nsert 112 further comprises a limiting portion
117, and the limiting portion 117 1s formed by two sides, 1n
the lengthwise direction of the second insert 112, of the
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extension end 115 extending toward the second pad 111 by
a certain distance, such that two gaps are formed between
the two limiting portions 117 and the corresponding first
connection piece 1121 and second connection piece 1122
respectively as the second 1nsertion block receiving portions

118. The second insertion block receiving portions 118 can
also be used to receive the msertion block.

Referring to FIG. 14, the upper edge 1161 of the first
isertion block receiving portion 116 and the upper edge
1181 of the second 1nsertion block receiving portion 118 are
provided to be 1n the shape of an inclined surface, that 1s, the
thickness of the upper edge 1161 of the first insertion block
receiving portion 116 and the upper edge 1181 of the second
isertion block receiving portion 118 gradually decreases
toward the second pad 111, such that the first insertion block
receiving portion 116 and the second insertion block receiv-
ing portion 118 cooperates with the isertion block more
smoothly.

It should be understood that, 1n some 1mplementations,
the msertion block receiving portion 1120 may only com-
prise a first msertion block recerving portion 116; 1n some
implementations, the insertion block receiving portion 1120
may only comprise a second insertion block receiving
portion 118; and 1n some i1mplementations, the insertion
block receiving portion 1120 may comprise a {irst insertion
block receiving portion 116 and a second insertion block
receiving portion 118.

As shown 1n FIGS. 15 and 16, the second insert 112 1s
provided with a second connecting portion 113 close to the
second pad 111. The second connecting portion 113 detach-
ably connects the second insert 112 and the second pad 111.
The second connecting portion 113 1s arranged 1n the second
isert 112 and 1s part of the second insert 112, and is in the
shape of a straight line with a certain width. The second
connecting portion 1s adjacent to the second pad 111, so that
height of the second connecting portion 113 after breaking,
1s substantially flush with the lower surface 42 of the
ceramic tile 4. The user can apply an external force to break
the second connecting portion 113 along the straight line, so
that the portion of the second insert 12 above the second
connecting portion 1s separated from the second pad 111
from the position of breaking. The thickness of the second
connecting portion 113 1s less than the thickness of the
second 1nsert, such that a second linear groove 114 1s formed
on the second insert 112 and imwardly recessed from the
second insert 112. The second linear groove 114 may be
located on at least one of the sides, facing the ceramic tile
4, of the second 1nsert 112, for example, the second linear
groove 114 1s only located on one of the sides, facing the
ceramic tile 4, of the second insert 112, and the other side,
tacing the ceramic tile 4, of the second insert 112 1s flat; or
the second linear groove 1s located on both sides, facing the
ceramic tile 4, of the second insert 112 (see FIG. 16). The
bottom of the second linear groove 114 1s the second
connecting portion 113. With the groove structure provided
on one or both sides of the second connecting portion 113,
the second connecting portion 113 1s relatively thin and has
a thickness of generally about 1-2 mm. Such groove struc-
ture makes the second connecting portion 113 easy to tear.
After the adhesive 1s cured, the user can violently break or
tear the upper portion of the second insert 112 from the

second connecting portion 113 with a conventional plier
tool.

As shown 1 FIG. 13, the lower edge 1171, facing the
second pad 111, of the limiting portion 117 of the second
msert 112 1s approximately parallel to the second pad 111,
and the user can remove the upper portion of the second
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isert 112 from the second connecting portion 113, at the
lower edge 1171 of the limiting portion 117, with a pulling
tool such as a small claw hammer. Specifically, the barbed
structure of the pulling tool 1s used to engage into the lower
edge 1171 of the limiting portion 117 to remove the portion,
above the second connecting portion 113, of the msert based
on the lever principle. Also, the pulling device 35 provided
on the pushing and clamping pliers 3 may be used to
violently break or tear the upper portion of the second insert
112 from the second connecting portion 113.

Referring to FIGS. 17 and 18, the longitudinal cross-
section of the second 1nsertion block 102 1s wedge-shaped,
and the second insertion block 102 has a third end 1021 and
a fourth end 1022. The height of the third end 1021 relative
to the bottom face 121 of the second insertion block 102 1s
higher than the height of the fourth end 1022 relative to the
bottom face 121 of the second insertion block 102. The
second insertion block 102 comprises at least one second
serration portion 120, with the longitudinal cross-section of
the second serration portion 120 also being wedge-shaped.
The longitudinal cross-section refers to the cross section
perpendicular to the first middle line 1112 of the second pad
111 when the second insertion block 102 1s inserted into the
second 1nsert 112. The bottom face 121, 1in contact with the
ceramic tile 4, of the second insertion block 102 1s a flat
surface. One second serration portion 120 comprises a
serration portion top face 122, and at least two serrations 123
provided on the serration portion top face 122. The serration
portion top face 122 1s an inclined face relative to the bottom
face 121 of the second 1nsertion block 102, and the included
angle al between the serration portion top face 122 and the
bottom face 121 of the second 1nsertion block 102 1s an acute
angle such that the serration portion top face 122 and the
bottom face 121 of the second insertion block 102 extend to
form an acute-angled end portion 1235, and the other end of
the serration portion top face 122 extends away from the
bottom face 121 of the second 1nsertion block 102, such that
the second serration portion 120 1s wedge-shaped as a
whole. At least two serrations 123 are provided o the
serration portion top face 122, the multiple serrations 123
are arranged 1n a straight line along the serration portion top
face 122, and a serration slot 124 1s formed between the
adjacent serrations 123.

The higher third end 1021 of the second insertion block
102 1s provided with a base 126, and the second serration
portion 120 1s disposed on the first side 1261, facing the
second 1nsert 112, of the base 126. The second side 1262 of
the base 126 opposite the first side 1261 thereof 1s provided
with a second protrusion 1263. The second protrusion 1263
1s curved, 1.¢. the projection of the second protrusion 1263
on the bottom face 121 1s an arc. The second protrusion 1263
1s located 1n the middle of the second side 1262 of the base
126 and protrudes outward away from the base 126, and the
second protrusion 1263 can cooperate with the first groove
314 of the pushing and clamping pliers 3.

Preferably, as shown in FIG. 18, the bottom of the second
insertion block 102 can be arranged as a sunken structure,
except that the bottom face 121 used for contact with the
upper surface 42 of the ceramic tile 4 1s a plat surface, the
second serration portion 120, the base 126 and the second
protrusion 1263 are all sunken mnward from the bottom face
121 to form a sunken structure.

As shown 1n FIGS. 20 and 21, when 1n use, the second
ceramic tile leveling bracket 101 1s fitted into the gap
between the two adjacent ceramic tiles 4, the end portion
125 of the second serration portion 120 of the second
isertion block 102 i1s inserted into the insertion block
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receiving portion 1120 of the second 1nsert 112, and the user
can push the second insertion block 102 as far as possible

into the msertion block receiving portion 1120 by means of
the pushing and clamping pliers 3, such that the upper edge
of the msertion block receiving portion 1120 can be engaged
into the serration slot 124 so as to lock the positions of the
two ceramic tiles 4. Since the bottom face 121 of the second
insertion block 102 1s a flat surface, the upper surfaces of the
two ceramic tiles 4 are necessarily 1n the same plane, such
that the leveling process of the two ceramic tiles 4 can be
completed.

In some 1implementations, as shown in FIG. 17, the second
insertion block 102 comprises three second serration por-
tions 120, and the three serration portions 120 are disposed
side by side at intervals, and the end portions 125 of the three
second serration portions 120 together form the fourth end
1022 of the second insertion block 102. When the second
msert 112 1s inserted into the second insertion block 102, the
second serration portions 120 on the two sides respectively
cooperate with the second insertion block receiving portions
118 on the two sides of the second insert 112; and the second
serration portion 120 in the middle cooperates with the first
insertion block recerving portion 116. The limiting portion
117 of the second 1nsert 112 can limit the second 1nsertion
block 102 to sway from side to side during the movement so
as to lock the positions of the two ceramic tiles 4.

In some 1mplementations, the second 1nsertion block 102
comprises two second serration portions 120, and the two
serration portions 120 are arranged side by side at an interval
and are respectively located on two ends of the first side
1261 of the base 126. When the second insertion block 102
1s 1nserted into the second insert 112, the two second
serration portions 120 respectively cooperate with the sec-
ond 1nsertion block receiving portions 118 on the two sides
of the second msert 112. The limiting portion 117 of the
second sert 112 can limait the second 1nsertion block 102 to
sway Irom side to side during the movement so as to lock the
positions of the two ceramic tiles 4.

In some 1mplementations, the second insertion block 102
comprises one second serration portion 120, and the second
serration portion 120 1s located in the middle of the base 126.
When the second insertion block 102 is inserted into the
second insert 112, the second serration portion 120 1n the
middle of the base 126 cooperates with the first insertion
block receiving portion 116 so as to lock the positions of the
two ceramic tiles 4.

In addition, the insertion block 2 in Embodiment 1 1s also
applicable to the second ceramic tile leveling bracket 101 1n
this embodiment.

The pushing and clamping pliers in this embodiment may
be the same as the structure of the pushing and clamping
pliers in Embodiment 1, which will not be repeated herein.

Embodiment 3

FIGS. 22-26 1llustrate Embodiment 3 1n the present appli-
cation, which discloses a ceramic tile leveling system,
comprising a third ceramic tile leveling bracket 201. This
embodiment 1s different from Embodiment 2 1n that a first
rib 219 1s provided on the upper surface 2111, facing the
ceramic tile 4, of the third pad 211 of the third ceramic tile
leveling bracket 201, and the first rib 219 1s disposed at the
upper surface of the third pad 211 and located on one side
of the third 1sert 212, and i1s formed by the upper surface
2111 of the third pad 211 protruding away from the third pad
211. Other features of the third ceramic tile leveling bracket
201 are the same as those of the second ceramic tile leveling
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bracket 101 1n Embodiment 2. The pushing and clamping
pliers 3 used 1n the embodiment 2 can also be applied to the
third ceramic tile leveling bracket 201 1n the present
embodiment.

As shown 1n FIGS. 22 and 23, the first rib 219 1s an
independent part separated from the third msert 212 and 1s

not parallel to the third msert 212, 1.e. the first rib 219 can
form an angle a2 with the projection of the third insert 212
on the upper surface 2111 of the third pad 211. In the present
embodiment, the angle a2 1s 90 degree.

The first nb 219 1s perpendicular to the third msert 212
and 1s located between the outer edge 2113 of the third pad
211 and the third insert 212. Preferably, the first rib 219 1s
located at the second middle line 2112 of the upper surface
2111 of the third pad 211, and the second middle line 2112
refers to a middle line, perpendicular to the third insert 212,
of the upper surface of the third pad 211. It should be
understood that, as shown, the first rib 219 can also be

arranged at other positions parallel to the second middle line
2112. The first end 2191 of the first b 219 does not exceed

the outer edge 2113 of the third pad 211, and preferably, the
first end 2191 of the first rib 219 stops at the outer edge 2113
of the third pad 211 and 1s tflush with the outer edge 2113 of
the third pad 211. The third insert 212 has a first face 2121

facing to the first rib 219, and a second face 2122 opposite
the first face 2121. The second end 2192 of the first b does

not exceed the second face 2122 of the third insert 212, and
preferably stops at the position where the third msert 212 1s
located on the third pad 211 and stops at the third 1nsertion
block through-hole 216.

As shown 1n FIG. 25, the third insertion block 202 1s also
provided in this embodiment in order that the bottom face of
the msertion block can be kept tangent to the upper surface
of the ceramic tile 4 when the 1nsertion block 1s mserted nto
the third insert 212 without being affected by the first rib
219. The third msertion block 212 differs from the second

insertion block 102 1n embodiment 2 only in that a strip
groove 2022 1s provided 1n the bottom surface 2021 of the
third insertion block 202. When the third msertion block 202
1s inserted 1nto the third insert 212, the strip groove 2022 can
recerve the first rib 219, 1.e. the first rib 219 can be inserted
into the strip groove 2022, so that the bottom surface 2021
of the third insertion block 202 can keep tangent to the upper
surtace of the ceramuic tile 4. It should be understood that the
insertion block 2 1n the embodiment 1 can also be used 1n the
present embodiment by setting a strip groove on the serra-
tion portion bottom face 21 of the insertion block 2.

When 1n use, as shown 1n FIG. 24, a third ceramic tile
leveling bracket 201 is placed at the junction of any three
adjacent ceramic tiles 4, in which two ceramic tiles are
located one side of the third mnsert 212 facing the first nib
219, the two ceramic tiles are respectively located on the two
sides of the first rib 219, and the other ceramic tile 1s located
on the side of the third insert 212 facing away from the first
rib 219. As shown 1n FIG. 26, then, the third insertion block
202 1s inserted into the third nsert 212. The third insertion
block 202 1s pushed as far as possible 1into the third insert
212 by means of the pushing and clamping pliers 3, such that
the third insert 212 can be engaged into the serration slots so
as to lock the positions of the three ceramic tiles 4. Since the
bottom face of the third insertion block 202 1s a flat surface,
the upper surfaces of the three ceramic tiles 4 are necessarily
located on the same plane, such that the leveling process of
the three ceramic tiles 4 can be completed.

Embodiment 4

FIGS. 27-30 illustrate Embodiment 4 1n the present appli-
cation, which discloses a ceramic tile leveling system,
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comprising fourth ceramic tile leveling bracket 301, and
which 1s different from Embodiment 3 in that the upper

surface 3111 of the fourth pad 311 of the fourth ceramic tile
leveling bracket 301 1s provided with a second rib 319, and
the second rib 319 is perpendicular to the fourth mnsert 312,
and the second rib 319 1s arranged on the two sides of the
tourth msert 312. The other technical features of the fourth
ceramic tile leveling bracket 301 are the same as those of the
third ceramic tile leveling bracket 201 in Embodiment 3.
Preferably, the second rib 319 1s located at the third middle
line 3112 of the upper surtace 3111 of the fourth pad 311,
and the third middle line 3112 refers to a middle line,
perpendicular to the fourth msert 312, of the upper surtace
3111 of the fourth pad 311. The first end 3191 of the second
rib 319 does not exceed the first outer edge 3113 of the
fourth pad 311, and preferably stops at the first outer edge
3113 and 1s flush with the first outer edge 3113; and the
second end 3192 of the second rib 319 does not exceed the
second outer edge 3114, opposite the first outer edge 3113,
of the fourth pad 311, and preferably stops at the second
outer edge 3114 and i1s flush with the second outer edge
3114.

The structure of the fourth insertion block 302 used 1n the
present embodiment 1s the same as the third insertion block
202 in the embodiment 3 and will not be repeated here.

when 1n use, a fourth ceramic tile leveling bracket 301 1s
placed at the junction of four adjacent ceramic tiles 4, in
which two ceramic tiles 4 are located on one side of the
fourth insert 312 facing the first outer edge 3113, the two
ceramic tiles 4 are respectively located on two sides of the
second rib 319, and the other two ceramic tiles 4 are located
on one side of the fourth msert 312 facing the second outer
edge 3114 and are respectively located on the two sides of
the second rib 319. Then, the fourth insertion block 302 1is
inserted into the fourth 1nsert 312. The fourth 1nsertion block
302 1s pushed as far as possible 1nto the fourth msert 312 by
means of the pushing and clamping pliers 3, such that the
fourth 1nsert 312 can be engaged into the serration slots so
as to lock the positions of the four ceramic tiles 4. Since the
bottom face of the fourth insertion block 302 1s a flat surface,
the upper surfaces of the four ceramic tiles 4 are necessarily
located on the same plane, such that the leveling process of
the four ceramic tiles 4 can be completed.

Embodiment 5
FIGS. 31-33 illustrate Embodiment 5 of the application
and disclose a ceramic tile leveling and laying system,
comprising the fifth ceramic tile leveling bracket 401, which
differs from that in the embodiment 3 only that the third rnib
419 1s no longer perpendicular to the fifth insert 412, but 1s
at an acute angle to the fifth isert 412. The third r1ib 419 1s
provided on the upper surface 4111 of the fifth pad 411
tacing the ceramic tile 4. The third rib 419 1s formed by the
upper surface 4111 of the fifth pad 411 protruding away from
the fifth pad 411. The third rib 419 1s not perpendicular to the
fifth insert 412, but 1s at an acute angle to the projection of
the fitth msert 412 on the upper surface 4111 of the fifth pad
411. The other features of the fifth ceramic tile leveling
bracket 401 1s the same as the third ceramic tile leveling
bracket 201 in the embodiment 3. The pushing and clamping
pliers 3 used 1n the embodiment 2 can also be applied to the
fifth ceramic tile leveling bracket 401 1n the present embodi-
ment.
the third rib 419 1s an independent part separated from the
fifth msert 412 and 1s not parallel to the fifth insert 412, 1.e.
the third rib 419 can form an angle a3 with the projection
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of the fifth msert 412 on the upper surface 4111 of the fifth
pad 411. In the present embodiment, the angle a3 1s less than

90 degree.

The structure of the insertion block used 1n the present
embodiment 1s similar with the third insertion block 202 1n
the embodiment 3 except that a strip groove on the bottom
of the 1nsertion block 1s adapted to the third rib 419, and will
not be repeated here. When 1n use, as shown in FIG. 33, a
fifth ceramic tile leveling bracket 401 1s placed at the
junction of three adjacent ceramic tiles 4, 1n which the shape
of the two ceramic tile 4 located at the third rib 419 are not
rectangular or square, but parallelogram, and the two
ceramic tiles 4 are located on the two sides of the third nib
419 respectively, and the other ceramic tile 1s located on the
side of the fifth insert 412 away from the third r1b 419. Then,
the insertion block 1s inserted into the fifth insert 412. The
isertion block 1s pushed as far as possible mto the fifth
isert 412 by means of the pushing and clamping pliers 3,
such that the fifth msert 412 can be engaged into the
serration slots so as to lock the positions of the three ceramic
tiles 4. Since the bottom face of the insertion block 1s a flat
surface, the upper surfaces of the three ceramic tiles 4 are
necessarily located on the same plane, such that the leveling
process ol the three ceramic tiles 4 can be completed.

Embodiment 6

FIGS. 34-36 illustrate Embodiment 6 of the application
and disclose a ceramic tile leveling and laying system,
comprising the sixth ceramic tile leveling bracket 601,
which differs from that 1in the embodiment 4 only that only
part of the fourth rib 519 is perpendicular to the sixth insert
612, and the other part 1s at an acute angle to the sixth msert
612. As shown 1n FIGS. 34 and 35, the fourth rib 519 is
provided on the upper surface 6111 of the sixth pad 611
facing the ceramic tile 4. The fourth rib 519 1s formed by the
upper surtace 6111 of the sixth pad 611 protruding away
from the sixth pad 611. The fourth r1b 519 1s divided 1nto two
portions, the first portion 5191 being located on one side of
the sixth msert 612, which forms an acute angle o4 with the
projection of the sixth msert 612 on the upper surface 6111,
and the second portion 5192 1s perpendicular to the sixth
insert 612 to form a right angle aS. The other features of the
sixth ceramic tile leveling bracket 601 i1s the same as the
fourth ceramic tile leveling bracket 301 1n the embodiment
4. The pushing and clamping pliers 3 used in the embodi-
ment 2 can also be applied to the sixth ceramic tile leveling
bracket 601 in the present embodiment.

The structure of the insertion block used 1n the present
embodiment 1s the same as the third insertion block 202 1n
the embodiment 3 and will not be repeated here.

When 1n use, as shown, a sixth ceramic tile leveling
bracket 601 1s placed at the junction of four adjacent ceramic
tiles 4, 1n which the shape of the two ceramic tile 4 located
at the two sides of the first portion 5191 of the fourth nb 519
are not rectangular or square, but parallelogram, and the two
other ceramic tiles located at the two sides of the second
portion 5192 of the fourth rib 519 are rectangle or square.
Then, the msertion block 1s inserted 1nto the sixth insert 612.
The insertion block 1s pushed as far as possible into the sixth
isert 612 by means of the pushing and clamping pliers 3,
such that the sixth imsert 612 can be engaged into the
serration slots so as to lock the positions of the four ceramic
tiles 4. Since the bottom face of the insertion block 1s a flat
surface, the upper surfaces of the four ceramic tiles 4 are
necessarily located on the same plane, such that the leveling
process of the four ceramic tiles 4 can be completed.
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It should be understood that the second portion 5192 of
the fourth rib 519 can also be arranged at an acute angle to

the sixth insert 612 for using 1n the leveling process of four
parallelogram ceramic tiles 4.

Embodiment 7

FIGS. 37-46 illustrate Embodiment 7 in the present appli-
cation. As shown 1in FIG. 37, this embodiment discloses
second pushing and clamping pliers 300 for the ceramic tile
leveling system, the second pushing and clamping pliers
comprising a third component 501, a fourth component 502,
and a third pivot 503. The third component 501 comprises a
third clamping portion 5011 and a third handheld portion
5012, and the fourth component 502 comprises a fourth
clamping portion 5021 and a fourth handheld portion 5022,
wherein the fourth clamping portion 5021 1s rotatably con-
nected to the third clamping portion 5011 via the third pivot
503. The third clamping portion 5011 i1s provided with a
third clamping block 5013 at the top end away from the third
handheld portion 5012, the fourth clamping portion 5021 1s
provided with a fourth clamping block 5023 at the top end
away from the fourth handheld portion 5022, the third
clamping block 5013 1s disposed opposite the fourth clamp-
ing block 5023, and the third clamping block 5013 and the
fourth clamping block 5023 are approximately 1n the same
plane. The third clamping portion 5011 extends and bends in
a first direction X from the third handheld portion 5012, and
forms an obtuse angle with the third handheld portion 5012,
with the angle being 01, 155°<01<160°. The fourth clamp-
ing portion 5021 extends and bends in a second direction Y
from the fourth handheld portion 5022, and forms an obtuse
angle with the fourth handheld portion 5022, with the angle
being 02, 155°<02=<160°. The fourth clamping portion 5021
bends toward the same side as the third clamping portion
5011, 1.e. the first direction X and the second direction Y are
located 1n the same side of the third handheld portion 5012
and the fourth handheld portion 5022.

The second pushing and clamping pliers 500 can coop-
crate with the ceramic tile leveling bracket and the 1nsertion
block in F Embodiment 3,

Embodiment 1, Embodiment 2,
Embodiment 4, Embodiment 5 and Embodiment 6 to apply
a pushing and clamping force so as to lock the positions of
the ceramic tiles 4, thereby completing the leveling process
of the ceramic tile 4. Compared with the pushing and
clamping pliers 3 in the embodiments described above, the
second pushing and clamping pliers 500 1s more convenient
to operate: when the pushing and clamping pliers 3 in the
embodiments described above are used, since the handheld
portion of the pushing and clamping pliers 3 vertically faces
upward, the user needs to turn lis hand over to operate,
thereby consuming more physical strength and being easily
tatigue. However, 1n this embodiment, the clamping portion
1s bent, such that when the second pushing and clamping
pliers 500 1s used, the handheld portion i1s substantially 1n a
horizontal position, such that the user can operate without
turning the hand, which 1s conducive to saving physical
strength.

As shown 1n FIG. 38, the inner side faces opposite each
other of the third clamping block 5013 and the fourth
clamping block 5023 may be provided with second clamp-
ing teeth 504. The second clamping teeth 504 1s arranged on
the side face, facing the fourth clamping block 5023, of the
third clamping block 5013, that 1s, the second clampmg teeth
504 of the third clampmg block 3013 1s disposed opposite
the fourth clamping block 5023. The second clamping teeth
504 may also be disposed on the side face, facing the third
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clamping block 5013, of the fourth clamping block 5023,
that 1s, the second clamping teeth 504 of the fourth clamping
block 5023 i1s disposed opposite the third clamping block
5013. In other words, the second clamping teeth 504 of the
third clamping block 5013 are disposed opposite the second
clamping teeth 504 of the fourth clamping block 5023, the
inner side faces opposite each other of the two clamping
blocks are clamping faces opposite each other, and the
second clamping teeth 504 can increase the coeflicient of
friction between the clamping faces and the surface of the
clamped object, thereby preventing the clamped object from
slipping out.

As shown 1 FIG. 38, the inner side wall of the clamping
face of the third clamping block 5013 is provided with an
inwardly recessed second third groove 5014, with the direc-
tion of opening thereof facing the fourth clamping portion
5021; and the fourth clamping block 5023 1s provided with
a fourth groove 5024 that penetrates the fourth clamping
block 5023 toward the third clamping block 5013, and the
fourth groove 5024 and the third groove 5014 are disposed
opposite each other and 1n the same straight line. Portions,
on the two sides and at the bottom of the clamping through-
groove, of the fourth clamping block 5023 form a bifurcated
structure comprising two bifurcated portions, the fourth
groove 5024 is located between the two bifurcated portions,
and the second clamping teeth 504 of the fourth clamping
portion 5021 are provided on the clamping faces on the inner
sides of the two bifurcated portions. The fourth groove 5024
and the third groove 5014 are configured to match with the
isertion block such that the insertion block 1s pushed and
clamped into the ceramic tile leveling bracket so as to
achieve leveling of the ceramic tiles 4, wherein the 1nsertion
block and the ceramic tile leveling bracket may be the
insertion block and the ceramic tile leveling bracket 1n any
one of Embodiments 1-6. Here, the second insertion block
102 and the second ceramic tile leveling bracket 101 1n
Embodiment 2 are described as an example. As shown 1n
FIG. 44, when 1n use, the third groove 5014 cooperates with
the second protrusion 1263 of the second insertion block
102, and 1s located on one side of the second insert 112 of
the second ceramic tile leveling bracket 101; and the fourth
groove 5024 1s located on the other opposite side of the
second 1nsert 112, and the end portion 125 of the serration
portion 120 1s enabled to slide in the fourth groove 5024
such that the second insertion block 102 1s secured 1n the
isertion block receiving portion 1120 so as to lock the
positions of the ceramic tiles 4.

As shown i FIGS. 37 and 39, the second pushing and
clamping pliers 300 further comprises a second elastic
member 505, with one end thereof being connected to the
third clamping portion 5011, and the other end thereof being
connected to the fourth clamping portion 5021; or with one
end thereof being connected to the third handheld portion
5012, and the other end thereof being connected to the third
handheld portion 5012. When the third component 501 and
the fourth component 502 of the second pushing and clamp-
ing pliers 500 are to be relatively closed, the user only needs
to use one hand to apply force to the inner side, but when
they are to be relatively opened, the user needs to use two
hands at the same time, so the operation 1s inconvenient.
With the second elastic member 505 mounted between the
third component 501 and the fourth component 502, and a
certain outward tension can be provided between the third
component 501 and the fourth component 302, which causes
the third component 501 and the fourth component 502 to
move 1n the opening direction, such that the user can
perform opening and closing operations with one hand. The
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second pushing and clamping pliers 500 further comprises a
third guiding post 5051 and a fourth guiding post 5052
respectively disposed at two opposite side faces of the two
handheld portions. The third guiding post 5051 protrudes
from the mner side face of the third handheld portion 5012;
and the fourth guiding post 5052 protrudes from the 1nner
side face of the fourth handheld portion 5022, and the fourth
guiding post 3052 1s disposed opposite the third guiding post
5051. The second elastic member 505 1s a coil spring, with
one end thereol being sheathed over the third guiding post
5051, and the other end thereof being sheathed over the
fourth guiding post 5052. In other variant embodiments, the
two guiding posts may be respectively disposed on two
opposite side faces of the two clamping portions. The third
guiding post 5051 protrudes from the inner side face of the
third clamping portion 5011, the fourth guiding post 5052
protrudes from the mnner side face of the fourth clamping
portion 5021, and the third guiding post 5051 1s disposed
opposite the fourth guiding post 5052.

As shown 1n FIG. 37, the second pushing and clamping
pliers 500 further comprise a second locking device 506
used to switch the second pushing and clamping pliers 500
between opened and closed states including a closed state
and an opened state. When the second locking device 506 1s
locked, the elastic force of the second elastic member 505 1s
overcome so that the second pushing and clamping pliers
500 are 1n the closed state. When the second locking device
506 1s unlocked, the second pushing and clamping pliers 500
are 1n the opened state under the action of the elastic force
of the second elastic member 505.

As shown 1n FIG. 39, the second pushing and clamping
pliers 500 further comprise a third bent portion 50135 and a
fourth bent portion 5025, which are both sheathed outside
the third pivot 503, such that the fourth component 502 1s
hinged to the third component 501 via the third pivot 503.
The third bent portion 5015 1s part of the third clamping
portion 5011, and the fourth bent portion 5025 1s part of the
fourth clamping portion 5021. The second locking device
506 comprises a second locking slot 5061, a second locking
member 5062, and a second blocking block 507 (see FIG.
43). The second locking member 5062 1s disposed at the
ends of the two clamping portions and close to the handheld
portion. The second locking slot 5061 1s disposed one of the
third clamping portion 5011 and the fourth clamping portion
5021, and the second locking slot 5061 i1s located on the
outer side wall of the bent portion of the clamping portion
where the second locking slot 1s located. The second locking,
member 5062 1s rotatably connected to the other of the third
clamping portion 5011 and the fourth clamping portion 5021
and 1s disposed opposite the second locking slot 5061. The
second blocking block 507 1s disposed on the same clamping
portion as the second locking slot 53061, and 1s disposed
opposite the bent portion of the other clamping portion.
Here, description 1s made in detail taking an example 1n
which the second locking slot 5061 1s disposed on the third
bent portion 5015 of the third clamping portion 5011, the
second locking member 5062 1s connected to the fourth
clamping portion 5021, and the second blocking block 507
1s disposed on the third clamping portion 5011.

As shown 1 FIG. 39, the second locking slot 5061 1s
disposed at the outer side wall of the third bent portion 5015,
the second locking member 5062 1s rotatably fitted to the
fourth clamping portion 5021, preferably at the surface of
the end of the fourth clamping portion 5021, and the second
locking member 35062 1s disposed opposite the second
locking slot 53061. As shown 1n FIGS. 40, 41 and 42, the

second locking member 5062 comprises a second locking
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member body 50621, a second locking engagement block
50622, a limiting block 50623, and a toggle portion 50624.
The second locking member body 50621 1s rotatably con-
nected to the end of the fourth clamping portion 5021 via the
fourth pivot 50625. The second locking engagement block
50622 has an obtuse angle and 1s located at the surface of the
second locking member body 50621. The limiting block
50623 1s formed by the surface of the second locking
member body 50621 protruding outward, with the side wall
thereol being bent, with one bent side wall abutting against
the side wall of the end of the third clamping portion 5011.
The toggle portion 50624 1s used to move the second locking
member body 50621 and 1s disposed at the surface of the
second locking member body 50621, and the side wall of the
toggle portion 50624 1s mwardly recessed from the surface
of the second locking member body 50621 so as to form
convex corners at two ends of the side wall of the toggle
portion 50624 to facilitate moving the second locking mem-
ber 5062. A toothed pattern 50626 1s provided in the side
wall of the toggle portion 50624 so as to increase the friction
when the second locking member 5062 1s moved. The toggle
portion 50624 can be moved with a finger to drive the
second locking member body 50621 to rotate such that the
second locking engagement block 50622 1s engaged into or
disengaged from the second locking slot 5061. The second
locking device 506 further comprises a second blocking
block 507, which 1s disposed at the surface of the third
clamping portion 5011 and 1s disposed opposite the fourth
bent portion 5025. When the second pushing and clamping
pliers 500 has the maximum opening angle, the second
blocking block 507 comes 1nto contact with the fourth bent
portion 5025 so as to block the fourth bent portion 5025.

When the second pushing and clamping pliers 500 need to
be adjusted from the closed state to the opened state, the two
handheld portions can be first closed, and then the toggle
portion 50624 1s rotated counterclockwise, such that the
second locking engagement block 50622 1s disengaged from
the second locking slot 5061 and 1s therefore unlocked, and
the two clamping portions are opened under the action of the
second elastic member 505 (coil spring). When the second
pushing and clamping pliers 500 need to be adjusted from
the opened state to the closed state, the two handheld
portions can be first closed, and then the toggle portion
50624 1s rotated clockwise, such that the second locking
engagement block 50622 i1s engaged 1nto the second locking
slot 5061, and the two clamping portions are therefore
locked 1n the closed state.

It should be understood that the second locking slot 5061
may also be disposed at the outer side wall of the fourth bent
portion 3025, and the second locking member 35062 1s
rotatably connected to the end of the third clamping portion
5011 and 1s disposed opposite the second locking slot 5061.
The second blocking block 507 1s disposed at the fourth
clamping portion 5021, preferably at the surface of the end
of the fourth clamping portion 5021, and 1s disposed oppo-
site the third bent portion 5015.

The pulling device 335 of the pushing and clamping pliers
3 in Embodiment 1 may also be applied to this embodiment.
As shown i FIG. 45, the second pushing and clamping
pliers 500 further comprises a second pulling device 508,
which comprises a second hooked corner portion 5081 and
a second rounded corner portion 5082. The second hooked
corner portion 5081 1s disposed on one of the third clamping
block 5013 and the fourth clamping block 5023, and the
second rounded corner portion 5082 1s disposed on the other
of the third clamping block 5013 and the fourth clamping
block 5023. Here, description 1s made taking an example in
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which the second hooked comer portion 5081 1s disposed at
the third clamping block 5081, and the second rounded

corner portion 5082 1s disposed at the fourth clamping block
5023. The second hooked cormer portion 5081 protrudes 1n
a barbed shape from the outer side wall 50131 of the third
clamping block 35013, and the outer edge of the second
hooked corner portion 5081 i1s a smooth flat surface or an
arc-shaped curved surface, and 1s disposed at the junction of
the side wall 50131 and the top 50132 of the third clamping
block 5013. The second rounded corner portion 3082 1s
disposed at the junction of the side wall 50231 and the top
50232 of the fourth clamping block 5023, and each of the
two biturcated portions has a second rounded corner portion
5082. It should be understood that the second hooked corner
portion 5081 1s 1n a barbed shape and can protrude from the
outer side wall 50231 of the fourth clamping block 5023,
and the two bifurcated portions protrude outwardly and
extend to form a second hooked corner portion 5081, and the
second hooked corer portion 5081 has an outer edge that 1s
a smooth tlat surface or an arc-shaped curved surface, and 1s
disposed at the junction of the side wall 50231 and the top
50232 of the fourth clamping block 5023. The second
rounded corner portion 5082 can be disposed at the junction
of the side wall 50131 and the top 50132 of the third
clamping block 5013.

In the ceramic tile laying process, aiter the adhesive 1s
cured, the ceramic tile leveling bracket and the ceramic tiles
are all fixed by the adhesive, and the second pulling device
508 of the second pushing and clamping pliers 300 can be
used to remove the upper half of the ceramic tile leveling
bracket, wherein the ceramic tile leveling bracket may be the
ceramic tile leveling bracket of any one of Embodiments
1-4. Here, the second ceramic tile leveling bracket 101 1n
Embodiment 2 1s described as an example. As shown in FIG.
46, by means of the second hooked corner portion 5081
abutting against the lower edge of the limiting portion 117
of the second ceramic tile leveling bracket 101, and taking
the second rounded corner portion 5082 as a fulcrum, the
second 1nsert 112 1s broken from the second connecting
portion 113 to remove the portion of the second insert 112
above the second connecting portion 113.

Embodiment 8

As shown 1n FIGS. 47-50, this embodiment discloses a
third pushing and clamping pliers 600 for the ceramic tile
leveling system, which 1s merely different from the second
pushing and clamping pliers 500 in Embodiment /7 in that the
locking devices are different. In this embodiment, the lock-
ing device 37 used by the pushing and clamping pliers 3 1n

Embodiment 1 1s used instead of the second locking device
506 in Embodiment 7.

As shown i FIGS. 47 and 50, the third pushing and
clamping pliers 600 comprise a third locking device 606.

The third locking device 606 comprises a third locking slot
6061, a third locking member 6062, and a third blocking

block 607. The third locking slot 6061 1s disposed on one of
the two clamping portions and 1s located at the outer side
wall of the bent portion of the clamping portion. The third
locking member 6062 is rotatably connected to the other of
the two clamping portions and 1s disposed opposite the third
locking slot 6061. The third blocking block 607 1s disposed
on the same clamping portion as the third locking slot 6061,
and 1s disposed opposite the bent portion of the other
clamping portion.

As shown in FIGS. 48 and 49, the third locking member
6062 comprises a third locking member body 60621, a third
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locking engagement block 60622, and a second tab 60623.
The third locking member body 60621 may be a metal sheet,
and 1s rotatably connected to the end of one of the two
clamping portions via the fifth pivot 60623. A second gasket
60626 1s provided between the third locking member 6062
and the clamping portion connected thereto, the third lock-
ing member 6062 and the clamping portion are both made of
metal, and the second gasket 60626 can assist 1n the relative
rotation of the two, thereby reducing wear between the
components. The third locking engagement block 60622
protrudes from the surface of the third locking member body
60621 and 1s located at one end, facing the third locking slot
6061, of the third locking member body 60621. When the
third locking engagement block 60622 1s engaged into the
third locking slot 6061, the third locking device 607 1s
locked. When the third lockmg engagement block 60622 1s
disengaged from the third locking slot 6061, the third
locking device 607 1s unlocked. The second tab 60623
protrudes form the surface of the third locking member body
60621 and 1s preferably perpendicular to the surface of the
third locking member body 60621, and the user can move
the second tab 60623 with a finger to drive the third locking
member body 60621 to rotate, such that third locking
engagement block 60622 1s engaged into or disengaged from
the third locking slot 6061.
The above description 1s only preferred embodiments of
the present application, and a person of ordinary skill in the
art can also make some improvements and refinements to the
above technical solutions without departing from the prin-
ciples of the present application, and these improvements
and refinements should also be considered to be within the
scope of protection of the present application.
The mvention claimed 1s:
1. A ceramic tile leveling bracket, comprising;:
a pad, with an upper surface of the pad being configured
to come 1nto contact with lower surfaces of at least two
adjacent ceramic tiles to support the ceramic tiles;
an 1sert provided on the upper surface of the pad and
configured to pass through a gap between the adjacent
ceramic tiles; and
a connecting portion provided on the insert and config-
ured to break under an action of an external force so
that at least part of the 1nsert 1s separated from the pad;
wherein the nsert comprises:
at least one insertion block receiving portion used to
recelve an 1nsertion block:

wherein the at least one insertion block receiving
portion comprises a lirst msertion block receiving
portion provided on at least one outer edge of the
insert 1 a lengthwise direction of the insert, and a
second 1nsertion block recerving portion provided in
a middle of the insert.

2. The ceramic tile leveling bracket of claim 1, wherein a
thickness of the connecting portion 1s less than a thickness
of the msert so as to form a linear groove in the insert.

3. The ceramic tile leveling bracket of claim 1, wherein
the ceramic tile leveling bracket further comprises a rib that
1s provided on the upper surface of the pad and 1s separated
from the isert, and a projection of the rib on the upper
surface of the pad forms an angle with a projection of the
insert on the upper surface of the pad; the rb i1s configured
between two adjacent ceramic tiles when the ceramic tile
leveling bracket 1s 1n use.

4. The ceramic tile leveling bracket of claim 3, wherein
the r1ib 1s located between an outer edge of the pad and the
insert, the msert having a first surface and a second surface,
the first surface referring to a surface of the insert facing the
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rib, the second surface referring to a surface of the insert
opposite to the first surface, a first end of the rib not
exceeding the outer edge of the pad, and a second end of the
rib not exceeding the second surface of the insert.

5. The ceramic tile leveling bracket of claim 3, wherein
the first end of the rib does not exceed a first outer edge of
the pad, and the second end of the rib does not exceed a
second outer edge, opposite to the first outer edge, of the
pad.

6. The ceramic tile leveling bracket of claim 1, wherein
the msertion block 1s wedge-shaped and has a first end and
a second end lower than the first end, and a bottom surface
of the msertion block 1n contact with the ceramic tiles 1s a
flat surtace; the msertion block comprising a protrusion and
at least one wedge-shaped portion, the wedge-shaped por-
tion comprising;:

a serration portion top face, which 1s an inclined surface
relative to the bottom surface of the msertion block and
forms an acute angle with the bottom surface of the
insertion block; and

at least two serrations provided on the serration portion
top face;

wherein the protrusion 1s located on the first end of the
insertion block.

7. The ceramic tile leveling bracket of claim 6, wherein
the bottom surface, opposite to the inclined surface, of each
of the at least one wedge-shaped portion 1s provided with a
strip groove.

8. The ceramic tile leveling bracket of claim 6, wherein
the at least one wedge-shaped portion comprises three
wedge-shaped portions disposed side by side at intervals.

9. A ceramic tile leveling and laying system, comprising;:

a ceramic tile leveling bracket configured to be disposed
at a junction of at least two adjacent ceramic tiles;

an 1nsertion block, configured to be inserted into the
ceramic tile leveling bracket; and

a pair of pushing and clamping pliers, which 1s used to
push and clamp the insertion block into the ceramic tile
leveling bracket such that a bottom face of the insertion
block 1s parallel to upper surfaces of the at least two
adjacent ceramic tiles;

wherein the ceramic tile leveling bracket comprises:

a pad, with an upper surface of the pad being config-
ured to come 1nto contact with lower surfaces of the
at least two adjacent ceramic tiles to support the
ceramic tiles;

an 1nsert provided on the upper surface of the pad and
configured to pass through a gap between the adja-
cent the ceramic tiles; the insert comprises at least
one 1sertion block receiving portion used to receive
the 1nsertion block; and

a connecting portion provided on the insert and con-
figured to break under an action of an external force
so that at least part of the msert 1s separated from the
pad; wherein the at least one insertion block receiv-
ing portion comprises a first isertion block receiv-
ing portion provided on at least one outer edge of the
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insert 1n a lengthwise direction of the isert, and a
second 1nsertion block recerving portion provided in
a middle of the insert;

wherein the isertion block 1s wedge-shaped and has a
first end and a second end lower than the first end,
and a bottom surface of the insertion block in contact
with the ceramic tile 1s a flat surface; the insertion
block comprising a protrusion and at least one
wedge-shaped portion, wherein the wedge-shaped

portion comprising: a serration portion top face,
which 1s an inclined surface relative to the bottom
surface of the insertion block and forms an acute
angle with the bottom surface of the insertion block;
and at least two serrations disposed on a top face of
the serration portion; and wherein the protrusion 1s
located on the first end of the insertion block;
wherein the pushing and clamping pliers comprising:

a first component comprising a {irst clamping portion
and a first handheld portion;

a second component comprising a second clamping
portion and a second handheld portion;

a pivot via which the second clamping portion 1s
rotatably connected to the first clamping portion;

a first clamping block disposed at a top end, away
from the first handheld portion, of the first clamp-
ing portion;

a second clamping block disposed at a top end, away
from the second handheld portion, of the second
clamping portion;

a first groove mwardly recessed from an inner side
wall of the first clamping block, with a direction of
opening of the clamping groove facing the second
clamping portion; and

a second groove, which penetrates the second clamp-
ing block toward the first clamping block and 1s
disposed opposite the first groove;

the first groove and the second groove being config-
ured to hold the insertion block when the pushing
and clamping pliers push the nsertion block into
the ceramic tile leveling bracket;

wherein the first clamping portion extends and bends
in a first direction from the first handheld portion,
the second clamping portion extends and bends 1n
a second direction from the second handheld por-
tion, wherein the first direction and the second
direction are located on the same side of the first
handheld portion and the second handheld portion.

10. The ceramic tile leveling and laying system of claim
9, wherein the ceramic tile leveling bracket further com-
prises a rib that 1s provided on the upper surface of the pad
and 1s separated from the insert, and a projection of the rb
on the upper surface of the pad forms an angle with a
projection of the insert on the upper surface of the pad; and
the bottom surface of the mnsertion block 1s provided with
a strip groove.
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